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7K 1$ ft ^ h y 9 a fc 7i< m\tt> V 0 A £• A? ^ 

S^^fttlTIi, g U ~~ 1 0 0 °C m , 1 ~ 
1 0 B# fl m. X . * L < i± ?t ^ © ^ ds fi -e 2 

- 5 b# m m m x u & o 0 

IE ( d ) f i . 7 x - u y / 7 ; y(lV)i;7;K 
^ ^ h i] ■ ji, # ^- - h*S^*tT2-7;t'3 + 

lk^^(]y)lu*t Lt % T ;u 4- ju * ju b ts )i> i~ 

- h l ~3*^SIHfflLt, il ^ © # £ T ff 
ft -5 o T ;u 4- ;i/ yjr >\y h # >u # ir — hi: I T li > f 

f ;i/ , -f V 7° o k° ;l/ & J; O* y f- ^ 

h & (f n 5 o £ fcWt 

t L T ii |ft |§ ^ p _ h ;u x y X ;l/ ^ y § ^ ^ ^ 

-5 o 
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o ^ -c 'rtte o <d a< ffl (M -e ^ ^ 0 

s je & ft (* ii ^ 7 o - i o o °c m m -c- i -511 

Pal a .(£ If 9 C i i>< tti 3£ s 0 

$S£CfcUT(i, ^ it* <f Pal ft t L T i>- T >l/ 3 

4- -> ^ $ ✓ # a< £ $ L N ^n^Abicsc^^s 

£ m ic i T , 2 - 7;^ + yf*(I e )(c|1S 
-T £ o SiEal, Jx j£ P B 1 ft: * ^ g| l , St ^ £ T ffl 

SlE(e)li7iii/^v?7 > / ft; ( iv ) (c * © 
IS M £ S * i± r x 2 - >r h ft; ( X ii 2 - t K a 

* •> f*. I f)£ r# s © -c £ -5 0 

-ft £ ( IV ) 1 * ;u <c *J L T , # ;u * - vu f t M 
( f?'L 1^ ^ , ^ g£ x -f ju , t* t; ( l - ^ * y y y ,u ) 

* b V t£ Z ) £ 1 ~~ 5 q£: ,u ,fi ^ ^ ffi L , ii "gT ^ n 
** > ft m ft 7K ffc II (M N tglt^f ^^nm * ,u 

* £* ) , T 4/ a - ;U ^ (0j N / ^ / _ ;l/ f ^ ^ y _ 
^ 4' ) . T 5 K m (ffl s > f- ;U * ^ A T $ K , ^ 
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z' f vi/ 7 -b F 7 ; K £ ) £ £ fig JB L T ff 5 o 

n 4- v- ft ( I f ) £ |R £ft fc O - T ^ 4- ^ ^ -t 6 £ 
t iz X o T 2 - r ^ a 4- •> ft ( I g ) £ £ i 0 © T 

I f)ic*f L X, Meerwein IS H * 1 ~~ 3 

( t&U *M f b > \s y , V c □ ^ A ,Jf ) I m 
- 7- >\s m ( \9\ , * -f- x - x ;t/ , x f- ,u j: - y- ju t£ 

Meerwein t£M t It h y ^ ;l/ # 4- y — 2 a 
y jv * a * "7 - h (Me 3 0 + BF + ■) J: h [J x ,u 
* + V- 9 A7;l/*n#7 - h (Et 3 0 + BF + -) £ 

35 £ft N ifcjSKCH. Meerwein, Org. Syn. 46, 
ll3fc J: t>' 1 2 0 ( 1 9 6 6)] K 15$ £ o T ffl * 

S & ffr t L T li , Ifi-^iOiagfC 2 
~ 2 0 H$ F^^i £ S IS * ■£ 5 © J: ^ o 

s (g) m a ?§ ^ 43 7 ^ - u >- ? r 1 / ft ( iv ) 

£ M * © IS ^ i: (D K Eft <£ f? N 2 - * >\> t> 7° b ft 
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(Ih)£f4£*>0-C&5 o 

7 x. - >- v= T * / # ( IV ) 1 ^ ^ {C ft L T , ^ 

^ >- h ¥ > m t> '.) 0 A ft i* t.->7 
^ - H ( 0>k ^ f 1 ^ ^ y * is T i- - h , x f- ,u 

v ^ * v r ^ - h ■ # i* ) & i ~~ 3 * ju m m. m m 
. ^ ^ / — )\; , x. / t$. y ) , t i Fmcm, V 

SK^fri Lt(i, M £ - ?g ^ © m H & -e . 

5-2 o a# us? m ^ ft 9 © a* J; ^ o 

7° h {* ( I h) £ T ;u 4- ;b ft 5 c t ><c J;. ^ r ;u 4 

^ ^ ^ f4c ( I i ) £ f# £ i 0 © -e th £ o 

-ft a ^ ( I h) 1 *;n:>ff Lt/ill ~ 3 * ^ 

J: a' 7 >v+ ;u ft #J 1 - 3 * ^ *§ S f£ ffl L T N m 

% ; y / f- JU * ;l/ A T $ K , / ^ f ;l 7 -fe h 7 ; K , 

^ f- ^ 7. ;b * 4- K , T -fe h - I- i; ;u , r -fe h y , 

i f ;i/ > f ;i/ ^ h > , x ^ / — )]> t / / _ j], t 7^ 
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St ^- H -5 a , 7 j< |£ f t i- b \) 0 A , t - y n 4- -> * 
^ * * , 7K m it ir V [} y A ft f4flns o 

7^ + ^ -ft ffl £ LT l*^ /n b y y H tyj (.^tj % £ 

5 <b * ^ )\* , x o it * * ^ , ct 9ft7"D tr ;i/ , ck o 

it? * ji< , * tut c n t, <d is £ # mitwi) & 

S t& ft (i ffl ^ £ S , 7 ^ + ^ -ft gij o* ^ 

&g {c j; o t ^ t£ 6 # s ii ^ x ?K # r - m m <D ffi & 

^£(i)fi7x-uy^7 $ >"(IV){c^y^^- 
: s 7 -r - h&lxfcg&T* k T ft ( V ) <!: L N 
JIB lift Efl Jg $ # T , 2-iH7;/f$(I j)$f|^ 
i> © T? * S o 

ft £ m ( IV ) 1 * JU !C $f L T 7 T * is 7 ± - Y 

^ M ( l? f I s ^onrfi^A^f-i/y^D tj K ft £* ) , 
- -f >U $g ( ffl N -r h 5 k K a y ? y , y' * 4. +f- >- 
ft £' ) , 7? # M ft 7K M (ffl . ^ > -far ^ , h ju x >- 
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if ) , 7 ju =j - ;u £J ( N ^ ^ / - ^ , x ^ / - ;u 
<t* ) , 7 -fe h — h y ;b , >? / f- ;i/ ;u A 7 5 K ft 

if ffl u s c t fj'< tB jfc £ o * /-c s c. n i> comt%& 

^ ^ 3 v f- 4" 7 ^ - hiLT^^^^.x 

^ ;U , y a \z m JU , of V 7° a f ;u fc J; 7* f- JU t£ if <£> 
4 V f- * •> 7 ± - M^lf^l, 

. s ee; & ft i l t it . m s -.5 o °c m m -e s io 

iKo^S-C f#-fc f- * 2 u 7 ( V ) 1 -e yi, ft l 
T . & f| ^ 7 -T K ( g»J , HgCC 2.^: if ) £ 1 ~ 3 * ^ 

* ;U -A , ^ f- u > ? a \) K ft ).cfJ t? ft "3 o 

1 0 B# p H ^ g ^ <? ft 9 © J: ^ 0 £ tz f- * V lx 7 
(V)l *;n:*fLT, J; •? {b * -5=- ;u £ 1 - 3 * ^ 
itdffl Lx 7 ;u ^ - a, m ( M s > ^ y - ^ , x ^ 
/ - ^ ft if ) 4i -e ft ^ z. t t i s o c © Bf © 
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1 5 b$ ffl m m-e'iftSi o <D J; ^ o 
S ( j ) it -h )\* y it x x f ^ ( I j ) £ r ;i/ ii 

\) m 7j< # m ^ o r N * ^ * v m c i k) £ ?# * 

© T? * S o 

ft £ m ( I i)l */Uc>!fLT7;M >; 1 - 3 * 

^ a ^ & m l t ii 7j< ^ ^ & r jv u - ju m m N 

^ / - ^, i ^ y - ;k ^ f ^ -b c v ^ 7Vi if ) 

fa z> t )\s ii \) t iiii, 7K St lb ^ k >; o a fc 
«t o* 7K St it * [ j o a & # ^ t, ti -5 o 

- 1 0 B# P B ^ g£ -e ff 9 f)< N £F £ L < ii j$ © $ 
,<£ M S "e 3 - 5 B# p B ^ g ^ S * -5 © *>* J; ^ o 

R £5 ( k) it M ^ f£ II * ft fcf f- 7 v" - ;u ag 
( I d) £ > fS II ir & c t iz. X o X it £ m ( I m) 

II © ^ # g/i5 0 R t)< h ij 7 i ;l/ y f ^ t 2 

- t- h 7 t K a h° y - ;U , / h 4- •> ^ f- ^ J; C K " 
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^ h ;u ft © B# N 0.5N-2NggO 

* y - ;u , x * / - ,u ft ) # N gggg-e, l - 
1 0 B# Pal IM K S Jfc £ tir • -5 © fid "C J: l> 0 

Btf 12 S ( <? ) Ji ^ £ # ft T -f h -7 V f£ 
II L ft s * ^ # 4- •> ^ I^SiLtix x ;u ft 
( I p) t L N *©&{£t£g£&&&#TT*IIfc8liL 
T. it £f#J ( I q) & f# 6 1> © T- do -5 o 

"fl: a ^ ( I n)i^ £ <fc£#J ( I o)£ f# § ^jfc (C fc ^ 
T it , ft^i( [ n) I ^ ^!:JHtT^ + ^ H M 
^ 1 - 1 . 5 ^ ^ggflffl Ltff/i ?o ^ 5 ^ 
J£ «t L T {i N * n a * )V A , f /. f- u ■ ;/ , 

i& <t x f- u v ti v © a a y y ^ m it 7K m m , •>* * 

4- y , -f h -7 b K n 7 7 > & £' © x — f- >\, £g s 
T -fe I- — h y ;u C x ' f y ^^/Jf^l^Kt 

0 a , h y x f- jv r i y & J; 0' f • y v 5 y ft <*f £ ffi 

^ ^ 5 7 ^ + it m i Ltiis h y 7 * - j\s * 
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f- JU 9 p y K , > h + ■> ^ f ;l/ /J O a □ y y 

^ & ffl O £ o 

S Ifc ^ ft a © B# ffl ^ £ jfi g , r jujf- %\l © 
IB p t !c i o 1 1 ^ ^ A\ tfi it ^ is y *P ^ h \) > 

^ ^ jU T i y#ST h y 7xi;Mf n ij K 

^^K^T-Ifil gc "C s 1 ~ 3 B# p H ^I ^ $ & 

C©iicLTf#^tlf:{[:^t([ o) ^ t> -ft 'o #J ( I 
p) & f# £ ^ Ift tc fc <«> T ti N . ft £ ( I q) 1 * ^ 
*f L T T ^ 4- ^ {t M £ 1 - 3 * ;u f£ ffl L T ff 

£ K JiC ?g £ LTii, > f ^ ^ ^ a 7 * 

K , ^ -f- J\s T -fe 1> T $ K & © T $ K HI n T -fe 

h — h y ;P N - > f- JU X JU * 4- •> K N T -tr h V „ 

x f ;M f ^ h y fj; f # j If ^ ft J 0 

'J 9 A . 7K ^ ft ^ h 'J A , t - 7* b 4- •> * '.i £ 

a ft i* ^ & £ ft £ 0 

^ ^ § 7 ^ + ^ it M t L T <i s •> ? d 4- -> ;u 
1 — 3 — K x f ;!/■ t - h , x. ^ jV { - 
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3 — K ^ Jl; ft Jl> 7$ i~ — b , f s* a A JU * 4- > J 

Sfc^ftii, ^©fifffl^sil, r * * * itm & 
ffl^t<:i,TlS5i^ ft pi( I o)^ D M F 

S H ^ T? 3 0 ft ~ 1 UPallgRiES.tSO^Ji^o 

S S it fx. S ( k ) £ m ffi (c L T ff o © # J; ^ 0 

m ^ tz n <d /x s %. ti ^ * / - yi/ $ a x ^ / - 

,U cfr N 1 N - it & £ fln *. % 0 # ~ 1 

B# ^ M ^ C ' * # -I. CD i>< X ^ 0 

& ± © «£ 9 (c L T lx m (a) - (fi ) T f# b tl tz K t5 
Kfc&Tfc. ®^©^K»SS!^j*x 01*. 

6<J ic I^F g L 9 S ^ £ ti m m £ <D m x £ *. ig 

k ±m , '5jfi w m , m m m # ^ & a m t © t& N it&miz. 
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a m r ^ * ^ JR i © Jg s * ^ -> $ a jg & 

t j\s ii \) ± m & m t cd js {c 2$ < c ,t a? § 5 0 

j& ® *4 ^ t tz s {b £ ^ ( n ) , ( m ) fc o' ( iv ) 
{± M {f N 
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fs, t* ,ib m © -Jj m x (i % n t> njk)ztzij m -t u & 

% £X T & ir /X (4) , (m) , (n) fc efc O' (o) (C «fc o T 
& JjX ~? S C t T ; £ 5 o 
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IX\fc (<?) 


coon 

N0 2 
VI 


JCO 
^N0 2 

IX 

(CH 2 ) n -0- X -^ 
^NCOOR 3 

^NII 2 
X I 


COCfi 
N0 2 

VU 


CON : 
N0 2 


II 

NCOOR 8 
N0 2 

X 


CfH.).-0-X-<^ 

NH 


NH 2 
X fl 


IT 


(CIl 2 )n^4>-X-- // ^ 
—Nil 


■mi-. 


w 


[5£ „ R 2 , A , X td J: n <i f j SB <t [h] 5 
(£ *R ( C , . + ) T ju 4- ^ ffi £ tj< i~ o ] 
<X Cft ( m ) 
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fK Jft ( n ) 


-Nil s 


-Nil, 
IX 

[5£f, # &a *f ii jffi gg £ |i] s 

/X lfc (o) 



flb 


-Nil a 
IX 


®>JL niir 1 

II, 


^ ii RtJ ?B i mMm o ] 

^ < lt m z n&nsma ) & j; u ■ * © m t* , 

<& # -e 7 y y f y ■> > n ic J: ^ ifiif «i j; 

uul j± ± I?- f p m * »5s ^7 w finj l , mmtK) t> v m 
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r 

♦ 

& ^ (i ) to & ^ © in {± N * n g & * ^ ti ii % 
© m m *p m k m $sn4i», jk -b m , # a m t 

U & L s *» * , gg Jfft , |$ JSFU , ii y° M jv £ij , & #f £ij ft £ 

© *j is t m a w * tz t* mm a m m a^tict *< 

8* ^ ft t i *J & £ .fc , J£ , & ^ ft $ , $ft ^ # & ft 

«c «fc o ti ft * ^\ /jX A © * AS S5- ifll £E J£ r& SR 
»|J t L T & ij- 1- * J|J £ s ma Jft Bll 0 

-10 0 mg, ffi&T*i± 1 015-5 Omg* 2-3 
IhI 5} T f& ^- i~ & © /;< ^7 ■£ lu 0 
(If iiii {.*"']) 

& t tc * oj^j & m m m , m. m m , m m. m & ^ # # 

# ffl| (a 0$ b ic M {$ D<7 (c rd -s . c n £ 

* £ fliij KB ir 6 h © T' ft U C t \t , 

m m m 
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m -t & m & , f:i *. a ?x <o m ^ m u k & ^ r #j ^ 

s c t /;v -e # s o 

I . ii y° -b ;u #ij 

(1) 2 - x h * - 1 - [[ 2 ' - ( 1 H - ? b y V 


— ;U 


-f ^ ) t* 7 * - ;u - 4 & ] y f- 


9 0 mg 
7 0 mg 
1 0 mg 
1 8 0 mg 


^ ] ^ v x j i y y — >v - 7 - jj j\, & y g| 

1 0 mg 

(2) 7 9 b - X 

(3) ?,?J(M fl-te ^ o - X 

( 4 ) x r- r y ^ 0$ v y # y o A 

1 i] -/ -b ;i/ 

(1), (2) £ (3)fc 0'(4)© l/2£zS*P L 
ilir Z 0 C n <c f9 © ( 4 ) & to X. T £ ft £ -fe* ^ 
>• # 7° -fe ^ (c £f At 5 0 

2 . m m 

(1) 2 - * h 4- •> - 1 - [[ 2 ' - ( 1 H - 7- b y V 
- - 5 - 4 >u) £ y A — j], - 4 - y[ j\y ] > f- 
;u ] y X' 4 i y V' — ju - 7 - fj ju r]i y m 


(2) y 9 b - X 


1 0 mg 
3 5 mg 
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(3) 3 - v -A ? - ? 1 5 0 mg 

(4) m%£M> -b JV p - -a 3 0 mg 

(5) x -r T 'J y g£ v >f * ? A 5 mg 

1 2 3 0 mg 

(1), (2), (3), (4)0 2/3*5 «t C/ (5)© l/Z* jlfP'^ % 

x- x ffi m jee jijc m t h o 
3 . a: *t 3EHI 

( 1 ) 2-^^f-|-l-[[2'-(lH-fM 

y - ;i/ ■ - 5 - -i ju ) b* 7 - ;u - 4 - ^ ;u ] ^ 

^ ;u]^< y X 4 i y" — & - j - % ji, T ]i y gg 

i- i- * a $ j 0 mg 

(2) / •> y b 1 0 0 mg 
W y i? JU T to a - ju 2 0 mg 

1 T y y JU 1 3 0 mg 

( 1 ) , ( 2 ) , ( 3) £ £ ffl 2 »t£ <C -5 ct 0 K s a ffj ^ 
tf 7j< (c mfrL, r y -/ >\, i^|At5o £ X 11 fi M 
lii 1* "c -) 0 
^^•f/'ij 1 

2 - ~~f o rjf + -> ^ > * ^' V — ;u 
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0 - 7 -t. - )\y i? r X y(2g)©7'D h';l/^;i/ ^ 

ij JU ir - v (& >d)<Dffi ^ @t s$ ( 1 . i ) & ;jp 

8 0 °C T- 3 d# nn < (i/vL/:„ Jx fS fjg fc # a£ 

or. ^ JU 3: x ir ;u £ ;j|| 7,t, ft V 9 7]< & <£ 7j< T #t 

, $t m m m m & m l /-c 0 y # y ^ # ^ 

A * p v h ^ 9 7 ^ _ T $ S8LT?#£*l<S#g n * 
fit fi£ -T- * ;u - y -tz y /;> £ PJ & A L T M ft |g ^ 
(1.54g,47%)^^f: a 
1 6 3 - 1 6 4 °C 

# s% M 2 

j. -j- ;u 2 - ii # 4- y - 3 - --- h p ^ y V r 
- h 

3 - - M7^bi(35g)^iift|(20rf) 
£ a O x ^ / - jv ( 3 0 0 id ) x 2 4 H# H3 7JD it 
Zft L /c o ?§ft8£gf £ L , ^^^J^?#7j< (7 OOrf) 
K & if N fit: fit. ^ T- till tti L tz 0 W 11 1 & 7K ik , 

m. m * \) o a 7j< f# m t m v n & & m m > 7j< m & m 

m T- 0$ Fli L, ft>f u^T Jill tts L fc e W <f$)I 

* 7]< #fc , ij£ L , l^^i^ L/;„ ?#. bfttzmm 
$1 ( 2 9 g , 7 4 % ) £ * © * £ M M ti- if (c & T <d Jx 
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' H - N M R (90M H z, C D C fi 3 ) 6 : 1. 43(311, t), 
^. 47(211, q), 7. 70(111, t), 8. 40(211, d), 9.87(1 
II, br s) 

I R (Nujol)cm -1 : 1725, 1535, 1350, 1300, 

12 7 0 
# ^ \H 3 ' 


-x JU 2 - t - 7" h 4- # ;U rjf -;l/7 * ./ — 
3 - - [, g ^< y y T _ |, 

-n ^ ^ 2 - # ;i> -J? 4- •> - 3 - - h n y y T 
- H ( 2 3.9 g ) td X 4b f- * - )\> ( 1 2 m£ ) £ 
^-^(150^) * . 3 H# ffl m m M ffi. L tf: 0 M 
Hi! 3£ Ill L T m b^^l^'J F(2 6g,Il^) 

© m it * t i- y (2 Q id)®m & t b >; o a 

( 9 ." 7 5 g ) cr> i? / f- dwi/ A r ^ K ( D M F ) 
(2 0 rl & $ ic M L < jf L ft # £ n&j "F L 0 
K l£ N x - -r ;u - 4- y ( 3 »t£ : l,2 0 0rf) 
fe cfc ^7j< ( 2 5 0 ftfi)c|3-s ^ if N $J^Lfc 0 Wil 

& t -7^/-;i/(2 0 0rf)lci(!?$t/)| # L 
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*£ h P L ~f o ^ g£ & _h kf x „ ^ © ft 2 fl# ?JD Si 
iS ?r!t L o /x IE $ * * © £ * M EE it IS L T rttl $ $J 
( 3 0 g ) /c 0 

1 H — N M R (90M H z,CDCfi 3 )<5: 1. 40(311, t), 
1.53(911, s), 4.43(211, q), 7.23(1H, t), 8.03- 
8. 27(211, m), 9. 70(111, b,r s) 

I R (Neat) cm" 1 : 3320, 2980, 1740, 1700, 1585, 

1 5 3 5, J 5 0 0, 1 4 4 0, 1 3 7 5, 1 2 6 5, 1 1 5 5 
0 % M 4 

j-. -j. )V 2 - r ( 2 ' - 's T / bf 7 ^ ■=■ ;b ) / ? ju 1 
7 $ / - 3 - -- 1- a ^< y y' y — \* 

^ ? 2 - t - y* b * is j) ju r£ ~ r i / - 
3--hD-?yyr-h(20g)©-rH5t K p 
7 7 v ( 5 0 /k£ )•/£??{£& ?K tf> T /;> < L # h 7j< 
f?l ft * v y * a ( 6 0 % t\\ & , 2 . 8 g ) * fln * 0 
M T- 2 0 53- H.1 < (i L /c ft , 4 - ( 2 - •> T 
/ y * - fr)^ y is ji, 7 a * K ( 1 8 g ) td J: .J; 

Mt*^;A(3 6 0 mg)^*x., l o n# ^ ;jd m M 

fit L o $ ^ & ftj £ L x 7K ( 2 5 0 feg ) td J: Zf x - 

^K2oo teg )t- wj tti l /-c o mmm *7km, %zm 
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\k m m -t & t n & m w m & m <h n tz 0 b y y » * 

0 p Wl ( 6 o id )tm<i* u. > ( 4 o ^ ) © zg $ (d 
m m * u -e i ii$ i^n ^ < « /v l tz 0 s jtc r$ * « 

x. £ <b $g IB) rr Hj L o ^KLi-f^T? ft, o x 
$ i" 4t^HfelSS I (22. 1 g , 8 5 % ) W £ 

ft ft o 

1 1 8 - 1 1 9 °C 

1 II - N M R (90M II z.C D C fi a ) c5 : j. 37(311, t), 
4. 23(211, s), 4. 37(211, q), 6. 37(111, t), 7. 33- 
7. 83(911, m), 7. 9 7 - 8. 2 0 ( 2 11, m) 

I R (Nujol ) cm" 1 : 3280, 2220, 1690, 1575, 
1 5 3 0, 1 4 80, 1 4 5 0, 1 2 5 5, 1 1 2 5, 1 1 0 5, 7 5 5 

m n m 5 

J- ^ k 3-T*/-2-N-[(2'-^T/ 
b* 7 ^ -~ ;u- - 4 — ;l/ ) > -f- ^ ] r ^ / ^ V '/ T — 

* ^ 2 - N - [(2 '- ->T / t* 7 * ju- 
4 - W >u ) > -j- ] T 5 y - 3 - - h p ^ y V' T - 

mi 0.4 g ) © x ^ / - ;u ( 5 0 id ) m m K ig. ft 


m - -a x . 2 y\< m m ( 2 8 . 1 g ) £ ;jp . 8 0 °c 

-c 2 IUJ < ti /v L fc 0 j§ «t * a ^ l . # @£ x * 
;bx ^^(3 0 0 feg ) & x. N *^T2N- * -b 
-f v - ^"7|< ( 5 0 0 *fl)&4>M-fojjn;tfco * 

ffi $ x )V x x ;u ( 2 0 0 »i£ x 2 ) T fill tb L , W 
fir £ ii & * •> # ¥ iJ y A ? a h ? ? y 4 

- -c- m ^ l 0 ^ n n * ei; aa x ^ 3-. x x 

;u - ^ 4. -y- > ^ pi L T M & f* .H, ( 7 . 3 g , 
7 9 % ) * m ft o 

1 0 4 - 1 0 5 °C 
1 H — N M R ( 2 0 0M H z, C D C fi 3 ) <5 : 1. 33(311, t), 

4. 23(211, s), 4. 27(211, q), 6. 8 3 - 6. 9 3 ( 2H, m), 

7. 3 5 - 7. 5 5 (711, m), 7 . 6 4 ( 1 11 , d t ) , 7.76(dd) 
I R(KBr)cm -1 : 3 4 4 5, 3 3 5 0, 2 2 2 0, L 68 0 , 14 7 0, 

1280, 1240, 1185, 1160, 1070, 1050, 1020, 

8 0 5, 750 

# n m 6 

J - * » 1 - [ ( 2 ' - ; y T / b" 7 .x =■ ju - 4 - 

4 ^ ) > ju ] - 2 - ^ h + ^ ^ > x -i i y y - ^ 
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- 7 - ■)} )\s --K -t- -> 7 - h 

x ^ ,u 3-7W-2-N-[(2'-^7/ 
h * 7 .-r- — ^ - 4 - 4 ) / JU ] T i / y y" T — 
H ( 1 . 1 g ) i > f ;i/ ^ ;i/ h ;i/ - h ( 5 ^ ) 

© ffi m {c S1-: 0f ( 0 . 2 g ) £ 7J0 * N 8 0 °C -e 1 Q# p 0 i 

^ < te L £ „ IE $ * /I #f| L T f# 

ffr H£ J- -7- Jiy ~C U\ \i\ L . Iv o 7K J; 7|< -e zJt ^ L 

/c o f§ IM & %l 5fe L T ff- £ ft m & 

-< y -b* > M & SLT»feeS(1.09g, 

9 0 % ) & f# 0 

ii!^ 1 6 0 - 1 6 1 °C 

1 H — N M R ( 2 0 0 M H z, C D C fi 3 ) S : 1. 23(311, t), 
4. 23(211, q), 4.26(311, s), 5. 72(211, s), 7.09(2 
II, d), 7.2 0 ( 111,1 ), 7. 38 - 7. 48 (4 11, m), 7.58- 
7. 66(211, in), 7.7 3 - 7. 7 9 ( 2 11, in) 

I R (KBr)cnT 1 : 30 0 0, 2 2 2 0, 1 7 2 5, 1 560, 1 4 65, 
1 4 4 0, 1 4 1 5, 1 2 8 5, 1 2 50, 1 2 2 0, 1 0 4 0, 7 60, 
7 5 0, 7 4 0 

# # m 7 

-t. ^ ju i - [ ( 2 ' - is r / h* y x - jv - 4 - 
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4 )\s ) / -T jv ] - 2 - x |> 4- ^ y X '4 X y V - ju 

- 7 - -J j >\s -t- -> 7 — h 

x ~T JV 3-7;/-2-N-[(2'-->7/ 
t" 7 x - ^ - 4 - ^ )\y ) ^ ^ ] y i / t y y" 7 — 
H ( 1 . 0 g ) t x f- ;i/ ;u h it ju rj? ^ - h ( 5 sifi ) 
© i§ ^ <c ffr 0$ ( 0 . 2 g ) * h\\ * x 80°Ct 1 U# ffl 

< ti /u l /-c 0 /x c m & mm l t ?# £ n s si * ^ 

m x f 1 ^ ?g f$ $ ^ N M y $ 7K td 7j< T- & ^ 

l tz 0 ffi m &m=kLT'&>bn& i£ ^ & siif ^ 

- y yfr h L t|fei a B B (0 . 7 9 g , 
69%)^14/c 0 

ill! 1 3 1 - 1 3 2 °C 

7C # tlf fit C 2 8 H 2 3 N 3 O 3 i: L T 

C(%) H(%) N(%) 
ll-^ fll : 7 3. 3 9 ; 5. 45 ; 9. 88 

mmm. ■. 73.36; 5. 42 ; 9.83 

' H - N M R ( 2 0 0 M H z, C D C fi 8 ) <5 : 1. 24(311, t), 
1. 49(311, t), 4. 24(211, q), 4. 6 8 ( 2 II , q), 5. 72(2 
H, s), 7. 10(211, d), 7. 19(111, t), 7.38 - 7.4 6 (4 
H. m), 7. 5 6 - 7. 6 6 ( 2 11, m), 7. 7 3 - 7. 7 7 ( 2 11, m) 
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I R (KBr) cm" ' : 2 2 2 0, 1.7 2 0, 1 5 5 0, 1 4 80, 1 4 30,. 

1 2 8 0, 1 2 4 5, 1 2 1 5, 1 0 4 0, 7 6 0, 7 4 0 
# # M 8 

x + j V 1 — [ ( 2 ' — % > T / h" 7 -x -~- JU - 4 - 
>f ^ ) > ^ ^ ] - 2 - 7° P dr j/ ^ > X' 4 > ^ y - 
^ - 7 - ^ ^ # t ■/?- h 

x ,u 3 - T * / - 2 - N - [ ( 2 ' - T / 

k* 7 i — ^ - 4 - ^ ;U ) / 5-- ^ ] -j> i / y y f 7 _ 

M 0 . 9 g ) t 7° n t° ju * ju b 1i jv rK i- - h (5 n&) 

© r§ as m ( 0 . 2 g ) * m 7L . 8 0 °c t? 1 m 

< (i /v L /'c o J* J5 £ z8 fli Ltf#t»ti&^$4 
g'p. ® x ^ tc jg ^ $ N M y 7 7K J: 7K T #t 
L /'c o ill^^^Lt f# £ ft £ f£ n £ e'p gf x ^ ,p 
- -5 > -tf yfr £J3$*|| LTjtefefeS.(o . 7 2 g , 
6 8 % ) £ ^ o 
111! * 9 0 - 9 2 °C 
7C m 'st Ifr fiS C 2 7 H 2 5 N 3 O 3 dr L T 


C (%) 


H (%) 


N (%) 


7 3. 7 9 ; 


5. 7 3 ; 


9. 56 


7 3.84 ; 


5.79; 


9. 54 


' M - N M R ( 2 0 0 M H z, C D C # 3 ) 5 : 1. 01(311, t), 

I. 25(311,1), 1. "8 0 - 1. 9 7 ( 211, m), 4.24(211, q), 
4. 57(211, q), 5. 72(211, s), 7 . 1 1 ( 2 II, d ) , 7.19(1 

II, t), 7.3 8 - 7.4 6 ( 4 II,m), 7. 5 6 - 7. 6 6 ( 211, m), 
7. 7 3 - 7. 7 7 ( 2 11, in) 

I R ( K 13 r ) c in " 1 : 2 2 2 0, 1 7 2 5, 1 5 5 0, 1 480, 1 4 6 0, 
11 3 0, 13 7 0, 1 2 8 0, 1 2 4 5, 1 2 1 0, 1 1 1 5, 1 0 4 0, 
760, 750, 740 

*T >v l - [ ( 2 ' - is r / b- 7 * - jy - 4 - 
4 )V ) / f- ju ] - 2 - * fj 7° V ^ y x J > y y - 

)\y - 7 - # ;b rK -t- j/ — |^ 

^ f 1 ^ 3-7$/-2-[(2'-^7/t'7x 

- ;u - 4 - *f ;b ) ^ f- ;b ] T s / ^ ^ y T _ h ( 5 . 

6 g ) t O - J- -7 1 )V is f- if J] JU rK i' - |- j] \) $ a 

J£ ( 7 . 3 g)&x^/-,u(5 0 ;^ ) >t» N 8 U# Pe3 /JD 
^ il ffi L /-c 0 /x J£ £ z£ £i L ft. ?K £ /JD *. . i§K 
T p H 3 ~~ 4 t L ft 0 ffi tB L B U69!U x 
* / - ;u t. WIS |g L T lit felS H ( 5 . 0 g , 8 0 

% ) & m ft o 
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225-227 °C 
1 H — N M R ( 2 0 0 M H z, D M S O - d Q ) <5 : 1. 08(3 
H, t), 4. 1 2(211, q), 5. 90(211, br s), 7. 08(211, 
d), 7.2 7 ( 1 11,1 ), 7. 38 - 7. 5 9 ( 611, m), 7.76(111, 
cit), 7. 92(111, dd) 
I R(KBr)cnr': 2 2 1 0, 1 7 2 0, 1 4 6 0, 1 4 4 0, 1 4 2 0, 
13 7 5, 1 33 5, 1 2 65, 118 0, 1 1 3 5, 1 1 1 5, 11 0 0, 
9 8 5, 7 6 0, 7 4 0 
1 0 

/ ^ JU 2 — [ ( 2 ' — is T / b' 7 a ^ ;l/ ) ^ f ;|/ 1 
T * / — 3 — — b a y y ' f — h 

n - ^ 4- u- y -e -^L/;7Ki{l:t h y 7 a(6 o 
% Ml & , 1 • 6 2 g ) fc M eO H ( 5 Q afi ) fc x 
^ 2 - [ ( 2 ' - •> T / f 7 * - ;u ) > ^ ;u ] r ; 
y - 3 - - h a ^ y -/ r - h ( 5 g ) & jjn x. T g 

1 ei isi m w ttc 0 ixfommzmmtT m h n *. 

m £ £ s f& -f" IJ it y 9 7K ( 1 O O nJL ) (C £> s 7 a a 
* ^ a -eilli 111 L /c 0 W$Jg -£7j<zfe, L /c 

lj& & &f -£ L T ff. t, ft £ M £ Eft @£ x - ^ 4. 

LTi^feli' s H B (3 . 9 8 g , 8 3 %)£ 
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111! & 1 0 6 - 1 0 8 °C 

1 II - N M R ( 2 0 0 M I-I z, C D C fi 8 ) d 3. 81(311, s), 
3. 97(211, br s), 4. 23(211, s), 6. 40(111, br s), 
6. 88- 6. 9 1(211, m), 7 . 3 4 - 7 . 5 5 ( 7 II, m) , 7. 65(1 
II, dt, J= 1. 2, 7. 7 Hz), 7. 77(111, dd, J = 1. 4, 8. 0 
Hz) 

I R (KBr)cnT 1 : 3410, 3350, 2225, 1695, 1485, 
14 7 0, 1 2 9 0, 1 2 0 0, 7 8 0, 7 6 0 

m^m i i 

* ^ 1 - r ( 2 ' - •> T / h- 7 ^ =. jv - 4 - 
-f ;u ) /• f- a, ] - 2 - J- h 4- ■> ^ v X 4 X '/ V - ju 
— 7 - :h r.K 4- »> 7 — h 

^ ^ ^ 3-7;/-2-N-[(2'-'>7/ 

t* 7 j- — )V - 4 — >f ;]y ) J f- ^ ] y l y ^| ^ y 7 _ 

I" ( 2 . 0 3 g ) t i f h # • ;u # 1- — b ( 5 nd ) 

<o m ti£ icfti(0. 3 7 g)^*i, 8 0 °C T i n 

& ft 8£ * * ^ <ci ?§ m £ €- . S v $ 7 K J: 7K T 
# Lfco ft% £ ® £ L T ?H : £ ft -5 I* J| £ ft 0$ ^ 
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JU - ^ y^i y £ n |* fl Lt|fe|^(2 . 0 1 g , 

86%)% m ft o 

M & 1 6 8 . 5 - 1 6 9 . 5 °C 
5c ^ 5> ffr 111 

C(%) H(%) N(%) 
It ^ 111 : 7 2. 98 ; 5. 14 ; 10.21 
: 7 2. 7 1 ; 5. 12 ; 9. 9 7 

1 H — N M R ( 2 0 0M H z, C D C £ 3 ) 6 : 1. 42(311, t, 
J= 7.1Hz), 3. 71(311, s), 4. 63(2H, q, J= 7. 1Hz), 
5. 5 9(211, s), 7. 0 9(211, d, J= 8. 4Hz), 7. 2 0(111, t, 
J= 7. 9 Hz), 7. 4 5 - 7. 59 ( 511, m), 7 . 6 9 - 7 . 8 0 ( 2 II, 
m), 7. 92(111, dd, J = 1. 4, 7. 8 Liz) 
I R (KBr)cm' 1 : 2 2 2 5, 1 7 2 5, 1 55 0, 1 4 8 0, 1 4 30, 

1 3 5 0, 1 2 8 0, 1 2 5 0, 1 0 4 0, 7 6 0, 7 5 0 
#%f 7 /'l 12 

^ * 2-[(2'-yT/¥y J ,-ju-4- 
j * ) * 1- ] r $ y - 3 - ( 3 - * T )V -T * y u 

■i I-" ) ^; y y- 7 - [. 

j. ^ ju 3 - T $ / - 2 - [ ( 2 ' - •> T / f 7 

^ ;b - 4 — ^ ) ^ f ;l/ ] 7 s ; ^< y y> -J — h ( l . 
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6 1 g ) , x. ? ju 4 y + -4- i, t i- - b ( 1 . 5 mH ) , fe 

-ktfi^-^dsj)©!^ $ £ g ^ u 3 Q p 0 n| ^ 
< li /u L /: o S Jfo tf£ Bt. B£ X ^ & fla > 7j< fffc , 

* « & ^ ft§ ft ii l fc o f# n a « B % * » a* * * * 

- -N + Hf yfr bflig LT, i&ISfeif&iK 1.92 
il!;; 1 ?. 10 8-1 I0°C 

1 H - N M R ( 2 0 0 M H z, C D C 0 3 ) <5 : 1. 15(311, t), 
1.40(311, L), 3. 5 0 - 3. 7 0 (211, br s), 4. 37(211, q) 
, 4.56(2II,d), 6. 07(111, t), 6.78(111, t), 7.19 
- 7. 24(111, m), 7. 38 - 7. 5 3 ( 611, m), 7 . 6 3 ( 1 11, d t ) 
, 7. 7 2 - 7. 7 6 ( 111, m), 7 . 9 9 ( 1 II, dd) , 8.29(111, 
b r s ) 

1 R ( K 13 r ) c m " 1 : 3 3 7 5, 3 3 2 0, 3 1 5 0, 2 9 7 5, 2 2 2 0, 
1 7 4 0, 1 68 0, 1 54 0, 1 5 1 0, 1 4 50, 1 3 0 0, 1 2 2 5, 
1 1 8 0, 1 1 5 0, 7 60,7 50 

mmm i 3 

m -j- )V 2 - [ ( 2 ; - •> T y h- y A ~ ;u - 4 - 
^ ) ^ ^ ] r * / - 3 - ( 3 - y o b° jv ? # o 
is -f V ) ^ v y' t — l- 
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# % m 1 2 tlsJIi: Ltxf ; p 3 - T * / _ 

2 - [ ( 2 ' - v- 7' / t* 7 j. — )\y - 4 _ ^ ^ ) ^ j 

T $ / ^< y y' t — h ( 1 . 6 g ) , 7° n t" >f y ^ * 
-> r - h ( 1 . 5 rn& ) J: J- ^ 7 - ;u ( 1 feg ) ^ 
^ . @ £l<J $j © m Ii{ •> ^ 7 7°(2.0 g , 9 8 % ) £ 

' M — N M R ( 2 0 0 M H z, C D C fi 3 ) 5 : 0. 88(311, t), 
1.4 0 ( 311,1 ), 1. 4 8 - 1. 6 7 ( 2 11, m). 3.4 2 - 3.68 (2 
H,l>rs), 4. 37(211, q), 4 . 5 6 ( 2 II, d) , 6. 13(111, t) 
. 6. 78(111, t), 7. 21- 7. 25(111, m), 7.36-7.53 
(611, m), 7. 64(111, dt), 7. 7 3 - 7. 7 7 ( 1 11, m), 7.9 
9(111, dd), 8. 2 0 - 8. 4 0 ( 111, br s) 

I R(Neat)cnT': 3 3 2 5, 3 1 7 5, 2 9 60, 2 9 30, 287 5, 
2 2 2 0, 1 7 1 0, 1 6 9 0, 1 5 9 0, 1 4 7 5, 1 3 6 0, 1 1 7 5, 
1140, 1090, 1020, 760 
1 4 

* * ^ 1 ~[(2 ' — y ~7 s b- 7 x ;U - 4 - 
4 ) / ju ] - 2 - -x >\< r ; / ^ y X A if v" 

— JV - 7 - j] f\y 7)j 4- ■> y — |> 

^ ^ ^ 2-[(2'-->ryf7*-;p-4- 
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■i )\y ) / f JU ] T * / - 3 - ( x ,u ^ * 9 u ^ K ) 

^ > y T _ ( j g g ) o x ^ / - y>( 5 o 

iW -) {C > f- ju ( 4 . 5 g ) £ flp ^ ^ j 2 j ]U 

m M M L o Jx IE rt£ CI N-iIi(6 Orf)^j)0 *. 

M Wl t? 3 0 # IfD < ii /u L /c & , zft m IE HI L 0 

m £ £ @1; St * * ;nc ig fftf $ €- . iv f 7K 43 «fc ?K 
T" gfc ?/> L . 'i£ fMi L 0 fg ^SiL, S^'>'i 

* y ^ i) 7 a * a v h ^ 5 ^ j - T- lit tat, M 

& •> 7 7-/(0.9 6 g , 5 8 % ) £ f# tz 0 
1 H — N M R ( 2 0 0 M H z, C D C g 3 ) <5 : i. 23(6H, t), 
3. 48- 3. 62(211, m), 4. 09(111, t), 4 . 2 3 ( 2 II, q) , 
5. 57(211, s), 7.15(111, t), 7. 25(211, d), 7.40- 
7. 77 (811, in) 

I R (Neat)cnT 1 : 3 4 0 0, 3 2 2 5, 2 9 7 5, 2 9 3 0 , 2 2 1 0, 
.1 7 1 0, 1 6 1 0, 1 57 0, 1 4 80, 1 4 2 5, 1 365, 1 3 2 0, 
1270, 1250, 1210, 1130, 1100, 1060, 770, 
750 

mmm i 5 

^ f * 1 - [ ( 2 ' - *s T / fc* 7 ^ =. j\, - 4 - 
4 >u ) ^ f- ju ] - 2 - 7° a h° JU T i / ^ > X' >f $ ? 


y _ JU _ 7 _ .jj 1V 7]i ^ ;y y^^±_ 

# # \H 1 4 £ HJ II ic L T x jv 2 - [ ( 2 ' - 
v- T / t* 7 --- ;u - 4 - ^ j\y ) ^ ^ ;b ] r $ / - 3 

- ( 3 - "/ n t' ;l/ f ^ ^; u ^ K ) ^ y y 7 _ h ( 2 . 

0 g ) & J; X ') {I t jv ( 4 . 8 g ) <D x ^ y - jv 
(5 0 ) m 1& h , @ (ft #J £ $t •> 7 -y 7° ( 1 . 2 
g , 6 5 % ) t L T ?# A: 0 

1 H — N M R ( 2 0 0 M H z, C D C £ 3 ) 6 : 0. 87(311, t), 

i. 2 5(611, t), 1. 5 2 - 1. 7 0 ( 2 11, m), 3. 4 2 - 3. 5 2 (2 
H, m), 4.12(111,1), 4. 25(211, q), 5.58(211, s), 
7. 16(111, t), 7. 29(211, d), 7.41-7. 7 8(811, m) 
I R (Neat)cm" 1 : 34 0 0, 3 2 5 0, 2 9 7 5, 2 9 5 0, 2 8 9 0, 
2 2 2 5, 1 7 1 5, 1 6 2 0, 1 5 9 0, 1 5 7 0, 1 4 8 0, 1 4 3 0, 
1 3 7 0, 1 2 8 5, 1 2 5 0, 1 2 2 0, 1 1 3 5, 1 0 7 0, 7 6 0 

mnm i 6 

/ ^ JU 1 - [ ( 2 7 - T / b- 7 ^ ;u - 4 - 
-Y )V ) * f- ;u ] - 2 - * b 4- y ^ y X J X ? V - jv 

- 7 - jj )\, ,-ff 4- > y — |> 

-7- * 1 - [ ( 2 ' - •> T / f7i-;i/-4- 
^ ) ^ f- ^ ] - 2 - / V 4- x v X 4 I f V - 
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- 7 - ii * r]i 4- •> y - h ( l . 3 g ) © y f y _ )X/ 
(5 0 mSL ) f§ tf£ {C 5 . 2 M MeONaO ^ / - JU j% 

m ( o . 5 m£ ) & m *_ s 4 n# m m m. )m m ttz 0 jxjb 

m £ m ffi L T Iff tB -L /c M S * 6 L , * 9 / - )\, 
* £ M £ H L T m ft 7" 'J^Sd.ig, 8 5%) 

& f# o 

ill /& 1 4 9 - 1 5 0 °C 

7C ^ 5> tfr fil CnH, 9 N,0 3 Ht 

C (X) H (SO N (X) 

f,\ M m : 7 2. 5 3 ; 4. 82 ; 10. 57 
Htfl'Hl : 7 2.3 8 ; 4.93 ; 10. 44 

'H — NMR (200MHz, C D C 0 3 ) <5 :3. 7 5(3H, s), 
4.26(311, s), 5. 69(211, s), 7. 09(211, d), 7.23(1 
II, t), 7. 3 7 - 7. 4 6 ( 311, m), 7. 5 5 - 7. 6 5 ( 2H, m), 
7. 7 2 - 7. 7 8 ( 2 11, in) 

mmm 1 

J - * to 2 - * b 4- x - 1 - [[2 ( 1 H - v- 

F 7 ■/ - ^ - 5 - ^ ;|/ ) b' 7 x - - 4 - ^ ] ^ 

f- ;u ] ^ > x" >f * ^ •/ - ;i/ - 7 - ^ ;l/ -j-r 4. iy ^ _ 
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ju l - [( 2 ' - is T / t* 7 * - ^ - 4 - 

^ ^ ) ^ ^ ^ ] - 2 - x h + >"^yxM $ ^ V - jv 

- 1 - i) >V 7$ ± i, y - h ( o . 7 g ) J; T ft 

h IJ * f- ;u x X' ( 0 . 7 g ) £ h ;u x > ( 1 5 ,d ) cjn N 

tc * / - ju(2 o ct o* i n -mm( i o id) 

& })U A. X m Mi T 3 0 # IHj /;> < IHLfc, IN - ij 
■te -f v - ^TKTpH 3-4 gffitc L 

5& L . B. * £ * n n * ;i/ a - 7j< T? f|Jj ttj L ft o 

a )i £ 7j< , ^ % Ltzm, m m ; & m * l t f# ^ n 

£ •> 7 y 7° •> y ij Y JU fj y A $ a v h ? =y y 4 

- T* M 1LT M H & ?#• o @'£ Wt*T ju-*< y*£ v 
£Pf*SSI LTlfee H B 0 (O . 3 5 g , 4 5 

ill! 1 5 8 - 1 5 9 °C 

7C % ft #r fiS C 2 e l-I 2 * N o O 3 i L T 

C(%) H(%) N(%) 
stUfil : 6 6. 6 5 ; 5. 16 ; 17. 94 
^ill'JfiS : 6 6. 61 ; 5.05; 17. 84 

1 II - N M R ( 2 0 0 M Hz, CDCfi 3 )<5 : 1. 09(311, t) 
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1.43(311,1), 4.02(211, q), 4. 30(211, q), 5.' 57(2 
H, s), 6.7 1 ( 211,(1), 6. 8 3 - 6. 9 6 ( 411, m), 7.27- 

7. 3 1(111, m), 7. 40(111, dd), 7.5 5 - 7. 66 ( 211, m), 

8. 0 4 - 8. 0 9 ( 111, ,n) 

I R ( K 13 r ) c m " 1 : 1 7 2 0, 1 6 0 5, 1 54 0, 1 4 7 0, 1 4 3 0, 
1250, 1040, 750 
//lii ('/'"J 2 

2 - ?. y 4- - 1 — [ [ 2 ' — ( 1 H — -r h y V' — 
to - 5 - 4 to ) b- y ^ =. jv - 4 - ^ ;u ] / -f ;i/ ] ^ 

^ X' ; ^ V - J\y - 7 - jj j\s # y g% 

* T ju 2-ih*s/-l-[[2'-(iH-f 

I* 7 V' - ^ - 5 - -f ^ ) t* 7 ^ - ^ - 4 - ^ ;b ] / 

* ] is x ' j X y y - jv - 7 - i) jv rK 4. is 5 - 

H ( 0 . 2 4 g ) £ 1 N - ij M <i y - ? 7 J< ( 1 . 5 nd ) 

* # k x ^ / - ju ( 4 ^ ) N 8 0 °C -e 1 Rfl IX JC5 

* ^ ^ o *x is $ £ m m l , ^ $ & 7K fc «t zjf ffi m x 

* -e nn ai i /: 0 7j< it ^ i N-intpH 3-4 

t L . Ifr ttl L M ,!Tii, & SI; ffi* r ju- / ? / - ju 
<h m M-a. L T flft fel^ H 0 (O.15g,6 7%)^ '# tz 0 
ill! # 1 8 3 - 1 8 5 °C 
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7C Wi 'A \ff fi C 2< H 2 cNeO i • 1/5H iO t LT 
C (%) H (%) N (%) 

fit HE fig : 6 4.91; 4.63 ; 18. 9 3 

M i'J fll : 65.04; 4.51; 18.77 
1 H — N M R ( 2 0 0 M Hz, DMS O — d e )<5 : 1. 38(3 

H, t), 4. 58(211, q), 5. 63(211, s), 6. 97(411, q), 

7- 17(111, t), 7.4 7 - 7. 68 ( 611, m) 
1 R (K'Br)cra- 1 : 1 7 1 0, 1 5 5 0, 1 4 8 0, 1 4 30, 1 28 0, 

1 2 4 0, 1 0 4 0, 7 6 0 
U /i'Oi \ r A ,3 

* * * 2 - 7° a * 4- » > - 1 - [ [ 2 ' - ( 1 H - 
X h 7 V" - J\y - 5 - j j\, ) t* y s. - 4 - J JU ] 

y -T- JV ] ^ y x 4 l ? V - ju - 7 - j\, # 4. ^ 

- h 

x. T JU 1 — [(2 ' — v'T / t' 7 x - ^ - 4 - 

-f^)^-3 L ;l/]-2-7 p D -K 4- v X' 4 * ? V - 

;u — 7 — )\s r\i 4. -> ^ _ h ( o g 9 g ) £ T 

it h y > ^ ^ x ( 0 . 7 g ) * h ^ x y ( 1 5 ln a ) 
4> .40 lli : J ;jd M il M Ltz 0 IX IE r£ £ il i? HI L , 
m £ > * / - ^ ( 2 0 rA ) td «fc 1 N - i£ @£ 


( 1 0 nd. ) £ ))U A. . m Wl -e 3 0 9t m < (i /v L f; o 
1 N - ;/j -fe >f y - ^ 7 K T* p H 3 ~ 4 II f£ ic L /c & . 
£ if 5fe L „ * ^ n a rh ;u A - 7 j< -e ft} L 

0 7j< & , &m l /c & N m m & m * l t n * 

: s 7 v y" & v ii ¥ >v ft 7 9 u -? y 7 7 y j — 
315! L s Ffr B£ * f- ^ - ^ v M v h .j3J jfa r f B L T 
ttfettACO . 3 1 g , 4 3 %)£^./"c 0 
fill! 1 5 7 - 1 5 9 °C 
7C ^ 5> Ifr m C z 7 H 2 e N o O 3 £ L T 

C (%) H (%) N (%) 
si" W-Ill : 67.21; 5. 4 3 ; 17.42 
lOl'Hlt : 6 7. 2 6 ; 5. 45 ; 17. 28 
' II - N M R ( 2 0 0M Hz,CDCj2 3 )<5: 1. 03(311, t) 

I. 13(311, t), 1. 7 5 - 1. 9 2 ( 211, m), 4.05(211, q), 
4. 23(211, q), 5, 57(211, s), 6. 75(211, d), 6.90(2 

II, d), 6. 96(211, d), 7. 28 - 7. 3 3 ( 111, m), 7.39- 
7. 44(211, m), 7. 5 7 - 7. 6 2 ( 211, m), 8.07-8.11(1 
II, in) 

I R(KBr)cnT': 1 7 2 0, 1 54 0, 1 4 7 0, 1 4 3 0, 1 280, 

1 2 5 0, 1 1 3 0, 1 0 2 0, 7 5 0 
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H Fui ffll 4 

2 - y P + > - l-[[2'-(iH-fMy 

- ^ - 5 - >f ^ ) t" y s. - )V - 4 - ^ ju l ^ ] 
^ y -i s ^ y" - ;u - 7 - ^ ;l/ r ^ y g% 

» 2-t'd;J-:+->-i-[[2'-(ih- 
5 1 b 7 V" - ;u - 5 - ^ ju ) t* 7 * - ;i/ - 4 - '4 ^ ] 
^ -7- ;u ] >- x • j * y >/ _ , u _ 7 _ # , u 7ji + ^ _ 

- I* ( 0 . 2 3 g ) £ 1 N - ii -b 4 y - y 7 J< ( 1 . 5 
^ ) * £ t; * ^ /-;[,( 4 7 4 ) c} 3 % 3 0 °C T 2 a| ffl 

m -T- * ;u T- ftti UJ Lfc. *14lN-i»? P H 3 

- 4 <t L , flf Hi L /c It H £ m m x 9 a, - / 9 / - 
^ £ mt .1 L T M & r !fi ( 0 . 1 5 g , 6 9 % ) * 

ill! !~k 1 7 4 - 1 7 5 °C 

7C ^ ^Ht i\i C 2 5 I I 2 2 N e 0 3 • 0 . 3 H 2 0 t L X 
C (%) H (%) N (%) 
fill! ft : 6 5. 2 9 ; 4.95; 18. 2 7 
UMWM. : 6 5.41 ; 4.92; 18. 20 

'H-NMR (200MHz, DMSO-de) 5: 0.9 2(3 
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H. t), 1. 7 0 - 1. 8 7 ( 2 11, m), 4. 47(211, q), 5.63(2 
II, s), 6. 96(411, del), 7.16(iH,t), 7.4 2 - 7.6 7 (6 
II, m) 

I R(KI3r)cm- 1 : 1 7 0 0, 1 5 5 0, 1 4 3 0, 1 2 9 0, 1 2 4 0, 
765 

m. m m 5 

-t. -7- jy 2 - / >v ij y" , h - 1 - [ [ 2 ' - ( l H - 
^ ^ 7'/-^-5->f;i/ ) ^7 x ^^-4 - 4 )V ] 

* )V\*< v X 4 \ ? V - ;u - 7 - # ;i/ # 4- 7 
- I- 

x ^ ^ [I _ ( 2 ' - v-r/b* 7 - j], - 4 - 
4 ;u ) ^ f- ;u ] - 2 - * jv jj y° h y X -i if v" - 
» - 7 - * iv rK 4- «> 7 - K( 4 . I -g ) t T i> {I h 
y * * ;u X X ( 8 . 0 g ) © h ^ x y ( l OOrf)it 

AS* 4 BP*n;jn&ja«E Lfco fi«E*a4L % a** 

it m ( 2 M ) t * ? / - ju ( 2 0 *£ ) © M $ c|3 ^ 
T- 2 0 ft \W /;^< li/uLfc 0 l N - A -b -f y - ^ 7j< 

* fol iTpH4iKiLfci, S^gjif ;n^f 

^ T- wi m l tz o # a ji & 7j< at , g m l /c & N &g 

£ &f 5fe L T W f C, ft £ m h% & 9 a a * ju A & 
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m Pb l t m i feis ^ ( 5 . o g , 8 9 % ) ^ ?# ^ 0 

ilirM 2 6 3 - 2 6 4 °C (#fl¥) 

7C 31 # tFf'fiS C 2 + H 2 o N o O 2 S ♦ 1/2 H , O t L T 
C (%) H (%) N {%) 
It W ill : 61.92; 4. 55 ; 18.05 
H AW iifi : 61.99; 4.30; 17.86 

1 H — N M R ( 2 0 0M H z , D M S O - d B ) 5 : 1. 10(3 
H, t), 4.09 (211,(0, 5. 82 (211, br s). 6. 87(211, d) 
. 7. 00(211, d), 7. 26(111, t), 7. 3 7 - 7. 6 9 ( 6H, m) 

I R ( K 13 r ) c m ~ 1 : 1 7 2 0, 1 4 6 0, 1 4 4 0, 1 3 6 5, 1 3 4 0, 
J 2 6 0, L 1 80, 1 1 4 5, 1 1 5 0, 1 1 0 0, 9 9 0, 7 4 5 

m im m 6 

j- f- ju ^ft-l-[[2'-(lH- 

f H'/-^-5-^;^)|;'7x^yl/-4-^^] 

/ T ju ] ^ y X 4 j y y- - ju - 7 - fs } y # 4-^7 

- h 

x -T- )V 2 — * ^ iJ ~? V — 1 — [ [ 2 ' — ( 1 H — 
x \- 7 v" - ;u - 5 - -f ^ ) t* 7 * - - 4 - ^ ] 
> -7 1 ^ ] V X 4 x 'f V - JU - 7 - j] ri< 4 is 7 

- K0.68 g ) © 1 N - ft m 4 v - f : (t WL ( 3 . 


0 ml ) £ & t; J- ^ y _ , U ( ! o Jij2 ) m m ^ j. ^ y 

* » ( 0 . 2 4 g ) £ ^. s H @ t? 2 U# ffl < (i / u 
L 0 K (5 r£ * # m T- 41 fa L T . rr fcB 1" £ IS H 

* [) iJ Y ju % ? a u -v h y ? 7 j — -e |f |»j l 
tz o '?# £ ft tz M .i, £ 0t ||xf ;l,xXf^ A> £ H |± 
H L T fflf y x" Ag(o, .3 1 g , 4 4 % ) * f# 0 
iS4/£ 2 0 7 - 2 0 8 °C 

7c 5-) tFf fit C 25 H„N 8 0 2 S Ht 

C (%) h (%) N (%) 
rl -Wife : 63. 81 ; 4.71; 17. 86 
lOl'HiS : 6 3. 5 5 ; 4.81; 17.50 

' II - N M R ( 2 0 0 M H z, D M S O - d e ) 6 : 1.13(3 
N. t), 2. 77(311, s), 4. 14(211, a), 5. 62(211, s), 

6. 84(211, d), 7. 02(211, d), 7. 26(111, t), 7. 46- 

7. 70(511, m) 

1 R (KBr)cnr ' : 1 7 0 5, 1 4 8 0, 1 4 5 0, .1 4 2 0, 1 3 6 0, 
1 3 4 0, 1 2 7 5, 1 2 5 5, 1 1 9 0, 1 1 4 0, 1 1 0 0 , 1 0 2 5, 

9 9 0, 7 7 0, 7 5 0 

m m m i 

^ ju 2 - * T *- l - U2 ' - ( 1 H - 
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T V 7 V ' - ,V - 5 - ^ )X/ ) t « y ^ - )X/ _ 4 _ ^ J]y 1 

/ ;u ] ^ y x- -f > ^- y - ,\, - 7 ^ J{/ r]i + - 


* * ^ 2 - ^ ^ -h -/ V - 1 - [ [ 2 ' - ( 1 H - 

X by V - JU - 5 - ^ JU ) t* 7 * - J\y - 4 - ^ j U ] 

^ f > y y - ^ - 7 _ i3 JV # jf. *, ? 

- '\ ( 0 . 9 J g ) ® 1. N - ij Az 4 y _ ^ 7 J< jg ft£ ( 4 

'K0.34g)*to*..g £ t 4 Q# Pp!1 ^ < t± /v L' 
tz o J* J& f& fc ^ 0§ £ p H4i$U tJf - tb L 
*S H *5KL ft . •> »; *y^*7A^ D -rh 

? ? * - -c m iU: 0 f# £ n/-c i* n * ^ » x ^ 

^ 3: * ^ ^ ^ t» M M la L t iifi y 'J x- a n ( o . 5 
5g,5 7%)&f#fc 0 

ill! * 1 5 3 - 1 5 4 °C 

7C ^ JTr III). C 2G i-i 2 + Ng0 2 S £ Lt 

C (%) H (%) . N (%) 
I I' INI : 6 4.4 4 ; 4.99; 17.34 

nmm ■. 64. 37 ; 5. 05 ; n. 20 

1 H — N M R ( 2 0 0 M H z, C D C 5 : 1. 19(311, t), 
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1. 37(311, t), 3. 20(211, q), 4. 12(211, q), 5. 67(2 
«. s), 6. 75(211, d), .6. 92(211, d), 7. 05(111, t), 

7. 2 6 - 7. 3 4 ( 2 11, m), 1 7. 50(111, dd), 7.5 3 - 7.6 3 (2 
H. "0, 8. 05- 8. 1 1 (HI, n) 
I R ( K 13 r ) c m ~ 1 : 1 7 1 5, 1 4 50, 1 4 2 0, 1 3 6 5, 1 34 5, 
1 2 8 0, 1 2 6 0, 1 1 9 5, 1 1 4 5, 1 1 1 0, 1 0 35, 1 0 1 5, 
9 9 0, 7 6 0, 7 4 5 
M //Ui M 8 

j. f- ju 2 - 7° p h° 71/ f- -4- - l - [- [ 2 ' - (1 

jj^uLJ_ Z V ' - ^ - 5 - 4 >\> ) ey*.-ji,-4- 

4 & ] / -T- ju ] ^ >- $ y - ^ - 7 _ # ^ rli 

- T - * * 2-^M;-/F - 1 - [ [ 2 '-(l H 
- r- h v V - ,u - 5 - j , u ) 

^ ] * f- ^ ] ;/ x 4 $ y y - ju - 7 - ft ji, # 4. 

-5 - h ( 0 . 9 1 g ) © 1 N - jj m 4 y - > 7 x 
^ tf£ ( 4 . 0 wO £ £ t; * / - ,u (i 3 ^ ) ^ 
% ic J: o { t a t° * ( 0 . 3 7 g ) * m X. M £1 T 

5 m f/11 ffi # L tz o Jfo rfc tc fa jg g£ % 1)u ^ % p H 4 

Ht fff fcli L f* j| * ftg* L fc £ , -> * y 
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^ 7 A * a v V ? ^ 7 4 _ L q 

$ £ ft A: & ^ *iKif ^zxf^-^ + n-^, 

"3 W*£ J| L T *]£ -/ ij X A J| ( 0 . 4 g , 4 0%) 

Ml & 1 7 7 - 1 7 8 °C ( # jg ) 

5c 3ft # tlf {iS C 2 7 1-l j B n e O 2 S <b LT 

C (%) II (%) N (%) 

ItJUli :6 5.0 4; 5.26; 16.85 
lOWfil : 64.88; 5.25; 16.78 
1 H - N M R ( 2 0 0 MHz, CDC0,) (5 :i. 0 4(311, t), 
1. 19(311, t), 1. 76(211, ■), 3. 18(211, t ) , 4. 12 ' 
(211, q), 5.69 ( 211,8). 6. 7 5 ( 2 H, d), 6. 93(211, d), 
7.05(111, t), 7. 2 7 - 7. 3 4 ( 2 11, nr), 7 . 5 0 ( 1 II, dd) , 
7. 5 4 - 7. 6 3 ( 2 11, ,„), 8. 07-8. 12(111, n>) 
I R ( K 13 r ) cm" 1 : 1 7 1 5, 1 4 50, 1 4 2 0, 1 38 0, 
1 3 6 5, 1 3 5 0, 1 28 0, 1 2 6 0, 1 1 9 0, 1 1 4 5, 1 0 35, 
1 0 2 0, 9 9 0, 7 6 0, 7 4 5 
M JKS ffl 9 

2^jLL±±±_z L ±_ r [ C 2 ^ - (lH-rh 
7 V - - 5 - ju ) y_? * - ^ - 4 - -Ou ] > 
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x >v 2 - > * ju -J- * - i - [ c 2 < _ ( A H 
- ^ h 7 V - ju - 5 - 4 >u ) f 7 ,. i ,i, - 4 - ^ 

^ ^ - I- ( 0 . 2 g ) £ 1 N - t> -fe y _ ^ 7 j< ,g 
( 1 • 3*0 fcSfc* 9 / - ju ( 5 ^) jgfc,^ 

2 m m m m it m l * 0 # jg » * ; J0 u P H4i« 

^-^^K^I^Lt, flffefcS (0.1 
7 g . 8 1 % ) * U fz o 

» ^ 2 2 3 - 2 2 5 °C (^i) 

7G&#fffffi C „H , 8 N s O 2 S . 1/2C ,H 6 0 2 
Ht 

C (%) H (%) N (%) 

StJUuS : 6 1 . 7 2 : 4.5 6; 17.27 

nmm .-61.59; 4.54; 17.54 

1 H — N M R (2 0 0MH Z) DMSO-d.) S : 2. 75(3H, s), 
5.76(211, s), 6. 88(211, d), 7,01(211, d), 7.25 
(111, t), 7. 47-7. 66(511, m), 7.82(lH,d) 

I R (KB r ) cm" 1 : 1 7 1 0, 1 4 85, 1 4 5 0, 1 4 2 0, 
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1 3 7 0, 1 3 4 5, 1 3 2 0, 1 2 80, 1 2 4 5, 1 1 9 5, 1 1 50, 
990, 7 8 0, 7 6 0 • 
% lm M 1 0 

^^^^Ll^lSlJ ^t 1 H - f b 
p V - * - 5 - ±JUl_y_ y , T , - )X/ _ 4 _ ^ ^ -) ^ 

* * * 2-x^,^^_ 1 _ [[2 ,_ (1H 
- -r h 7 V - n, - 5 - ^ JU ) e 7a - A . 4H 

* -T-^j -<y^ 5 7 
7 - h ( 0 . 3 5 g ) ^ 1 N-MM v-/ 7 J( 

1 N-«»t? P H 3 -4SKt LffffiL^Jga* 

MMH Lr»(feeS (0.21g„ 64%)^|/; 0 

2 0 9 - 2 1 0 °C 
7C ^ ^ rr ill C 8 * H 2 o N B O 2 S £ L T 

C (%) H (%) N (%) 

i f IMS : 6 3 . 1 4 ; 4.42; 18.41 
MIS : 6 2.8 9 ; 4.35; 18.15 
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1 H — N M R (2 0 0MHz, DMSO-d e )c5 : 1. 39(311, t), 
3- 36(21!, q), 5. 76(211; s), 6. 87(211, d), 7.01 
(2H,d), 7.25(111,1), 7.47-7.69(511, m ), 7.82 
(HI, dd) 

1 R ( K B r ) cm-: 1 6 9 5, 1 4 5 0, 1 4 1 5, 1 3 50, 
1 2 7 5, 1 2 2 5, 1 1 9 0, 1 1 8 0, 1 1 4 5, 7 5 5, 7 4 0 

% i i 

**>i> 2--/uf^ H ._ 1 _ [[2 ,_ (1 H 
b ? - 5 - 4 JU) x 7 ^ ^ ju _ 4 _ ^ 

5 - h ( 0 . 2 5 g ) tlN-A*-fy-^ 
& «* (1.5>rf)'*S ( 5 ^ } ^ 

2 D# RJJ fln ft ifi zsfe L fc 0 ^;-;^ a4LN 1N ' 

L s ft S* * * ju - ^ 4- -9- y z, l T^feg 

< 0 . 2 1 g , 9 l % ) £ f h /- c o 

222-223 °C (##) 


PU3 
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■7c m 5} ffi c 2 s J-I 2 , N e O 2 s t LT 

C H (%) N (%) 

: 6 3. 9 5 ; 4.51; 17.90 
KM®. : 6 3. 7 8 ; 4.85; 17.59 
1 H — N M R ( 2 0 0 MHz, DMSO-d G )<5 : 0 . 99(311, t), 
1 . 6 7 -1. 8 5 ( 2 II , in ) , 3.35(211, t), 5. 77(2H, s), 

6. 87C2II, d>. 7. 0 1 C 211, d) , 7.25(111,1), 7.46- 

7. 70(511, m), 7. 82(1H, dd) 

J R (K B r ) c m - ' : noo, 1 4 5 0, 1 2 8 0, 1 24 0, 
1 1 9 5, 1 1 4 5, 7 5 5, 7 4 0 
1 2 

2 ~ y° n <-]-; -t- •> ^ > x 4 \ ? y - )X/ ( 0 7 j 
g) ©DMF (lOrf) fcfc**#T«#L*a< 
*7j<JMk* h * a (6 o %m±, 0.24g)£ 
to * s 2 0 # Bfl$ft> L /; 0 N - h y ^ JU , + 
* ~ 5 - [ 2 - ( 4 - 7' a * / + )X/ t - y a . ^ JU } -j 
7 h ? (2. 3 g) fcft,*, igT5^ 
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* * T ffll Eb L . 

t /c 0 mm**., y (50rf) ^ 

1 N-tttt ( 1 5rf) *Jn*. 6 OtT20^1 
* v-^-7i<-er^y; Lfcfca ttL fc o 7j<jg 

L o m m * •> i; * y , b * =, A ^ c h ^ _ ^ ^ 

- -e« si! Ln ^4 ® f ? a *mm x f- * * x ^ „ 

S<S|& L Tfttfetefi (0.58 
s - .3 5 % ) * $ o 

1 7 7 - 1 7 9 °C (&ft) 
fc *^*Ti C lt H l! N,0iLt' 

C (%) H (%) N ( % ) 

**** : 7 0- 2 3 : 5.4 0; 20-47 
MfLl : 6 9. 9 3 ; 5.43; 20.22 
'H — N M R ( 2 0 0 M II z , DMS0-d e )S .-0.95(311, t), 
1.70-1.88(211,..), 4.46(211. t). 5.23(211,3), 
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7-04-7. 10(411, «), 7.20<2H,d), 7.38-7.43 
(2H,m), 7. 4 8 -7. 7 0 (4H, m) 
i R (K B r )c m : 1 5 4 0, 1 5 35, 1 48 5, 1 4 7 5, 
H 50. 1 4 2 5, 1 38 5, 1 2 8 5, 1 2 7 0, 1 0 40, 98 0, 
7 5 5, 7 4 5 

mmm 13' . 

y y - h 

1 - [ ( 2 ' - * r / f y ^ =. JU _ 4 

- ^ - 7 - * * ^ _ h ( 1 . 8 5 g ) te j. 

(2.80g) £h,ux 
(1 5*£) ^ ! HKtottiiaE L fc„ Kftjfc* 

ft*g%is u mmtc > * , - , v ( 5 fe j. ^ 

1 N (20rf) O^FM 

# L 0 lN-A^y-^ TpH3(v4 gJffi 


m m x ?- & _ 


5 6%) * f z „ 


^ & .a ( i . 1 6 g , 


1 9 1 - 1 9 3 °C 
7C&#jrrfi3 C 25 H 22 N e 0 3-1/5H z 0 t L 

c (%) , H ( % ) N ( % ) 


H - N M R ( 2 0 0MHz, CDC5 3 ) 6 : 1. 43(311, t, j = 
7-Ollz), 3. 57(311, s), 4. 30(211, q, J = 7. OIIz), 
5- 54(211, s), 6 . 72(211, d , J = 8. 2), 6. 84 -6. 9 7 (4 H, 
7. 28-7. 3 3 C1H, m). 7. 40(1 II, dd, J = 1 . 8, 7. 0 
Hz), 7. 5 7 -7. 6 2 (211, m), 8. 0 3 -8. 0 7 ( 1 II, m ) 
1 R (K B /)c m- : 1 7 2 0, 1 5 5 0, 1 4 7 5, 1 4 3 0, 

1 28 0, 1 2 50, 1 0 4 0, 7 55, 7 3 5 
%1m\n 14 

±*JL 2^Z_±±±T_J_J_ r _ 1 - [[ 2 ' - ( _j_ 

H - r h 7 y JZ _vi :£= _5_- > f ^ ) b-7x^;b-^ 



18.35 


18.53 



V -^7-i,^ + ^_ F ( 1 . 2 3 g ) 
J: tfr s^b h , ^ x ( 2 . 8 0 g ) © f. 
J - > (15 M) mm* 4 0 t$ 13] j& jg jft L fc 0 flf 
L, (5 0M) 

i n - is® (i 5*«) iiMTist i oftmm 

WLtz 0 1 N - f] ^ J y _ ^ 7j< T . pH5 |g iL 
^ d a ,-J- ju A ~c I /; „ W«J»**gfe, 

LT|ife|i^ (0.83 

s . 6 1 % ) £ & £ o 

1 6 6 - 1 6 8 °C 

' H - NM R (2 0 0MHz, CDC0 3 )<5 : 1.13(3H, t,), 
1- 2J(3II, t), 3. 43(211, q), 4. 13(211, q). 5. 48 
(211, s), 6. 78(211, d), 6. 99(211, d), 7. 07(1H, t), 
7- 22 (III, dd), 7. 4 2 -7. 4 9 ( 211, m), 7. 54-7. 69 
(311, m) 

I R ( K B r ) cm"': 1 7 2 0, 1 6 5 0, 1 3 1 0, 1 28 5, 
7 6 5, 7 5 5, 7 5 0 
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UfMm l 5 

4 > - 2 ^ T X ,« V X4 x 

* V -^-7-A;M^^- h ( 1 . 2 0 g ) 

* J: r sMb M j ^, xX(2jg)ch ^ 

L s /■ * y - ju (20rf) ic « 88 * N 1 N — ±jg 

1 N - * * 4 y _ p u p H 5iSH /eft. * a 
»*'"A*JlllttlLfc 0 

f£ IS L tz a W?c> H tz m m £ ^ y * y ? a? a 
^^^ILT^S ( 1 . 0 g, 77%) 

* 73 o 

1 7 0 - 1 7 2 t 
'H - N M R ( 2 0 0MHz, CDCf? 3 )c5 : 0. 89(3H, t), 
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1. 1U3I1, t), 1. 5 2 - 1. 7 0 ( 211, m), 3. 35(211, t), 
4. 14(211, q), 5, 49(211, s), 6. 77(211, d), 6.99 
(211, d), 7. 05 (ill, t), 7. 21(111, dd), 7. 39- 
7. 47(211, rn), 7. 50 -7. 6 5 (311, m) 

I R ( K B r ) cm"': 1 7 2 0, 1 6 7 0, 1 6 6 0, 1 2 9 0, 

1270, 760 
HAISM 1 6 

»_/ Tjut h y y - ju - 5 - J ;V) A =. jy - 

.4 - 4 » ] > * ^ * ^ v - * - 7_ -_* 

2 - x h + •> - [[ 2 ' - ( 1 H - 7* h 7 V ju - 
5 - 4 »)*y *. - » - 4 - 4 ji,!* + a,!^ y x 

1 X f V-^ - 7 - yi( 2 . o 7g)0Hft 

^^(1 Orf)giili:, h \) + , v ? a y K ( j 

5 9 g ) Js J: b 'ixf^ 7 , > ( 0 . 8 ^ ) ^ /jn x. 
T^S-e 1 wmfr < f*/ v l/c 0 S*Sffi*7K^, -IE 

* y A * a v h ^ 7 7 ^ - t ffi L /C 0 ff- £ ft fc 
£ 11 * ft 0$ X. T jU-~sy # y £ a L T ^ 


fete & (2 . 1 2 g , 6 6%)^./; 5 ' 

ill! & 1 6 8 - 1 7 0 °C 

TC&tfffrfig C 43 H 3 + N 6 0 3 i L T 

c (X) H (X) N (X) 

It IS fit : 7 5. 6 4 ; 5. 0 2 ; 12. 31 

mmm.: 75.37 ; 4. 96 ; 12 . 2 o 

' H - N M R ( 2 0 0 MHz, CDCfi,) <5 : 1. 40(311, t), 
4.61(211, q), 5.58(211, s), 6.76(2H,d), 6.91- 
6- 96(811, ,„), 7. 12(111, t), 7. 1 7 - 7 . 4 1 ( 1 2 II, m), 
7. 60(111, dd), 7. 7 3 -7. 82 ( 211, m) 

17' 

b° ^- p ^ ;P * 4- / 2 _ 

r- * - 4 - 4 Jul* * y X4 i y y - - 7 

— fj )\y rff 4- y — J, 

2 - x h 4- •> - 1 - [[2 ' - (N - h i; 7x -^ 
> ^ -r h 7 V - ^ - 5 - 4 JU ) t * 7 ^ - JU _ 4 

- 4 JU ] * * JU ] ■ ^ X A ;/y ! -;b- 7 _ , u 
y M © D M F $ $ <c ^ m iJ \) 0 A ( 0 . 5 3 g ) 

te X £/ Jl -5 it f /sr n 4 yi/ ^ 4. iy / + )V ( q • g 4 g ^ 


* & , 7j< * * g/p 0 | x ^ ^ ^ ^ L ± o ^ 

ft tfi l£ H * 01-: a$i^^^^ + 1f y ^ n |± a L 
T fllf & ( 1 . 13 g, 6 3%)£f#/c 0 
rll/ii 1 0 4 - 1 0 6 °C 

tg m # Ifr fit C 3 o H 3 o N . O B . l/s C « H . O , • 
1/5C ,H u .Ut 
c (X) H (X) N (X) 

It IT M : 6 5. 0 6 ; 5. 9 0 ; 14.32 
: 64. 7 9 ; 5. 85 ; 14. 43 
H - N M R (2 0 0MHz, CDC0 3 ) <y : l. i 3 ( 91{( s)> 
1- 44(311, t), 4. 37(211, q), 5. 61(211, s), 5. 68(2 
s), 6. 80(211, <l), 6. 93(211, d), 6. 99-7. 11(211, 
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SPECIFICATION 

1 . TITLE OF THE INVENTION 

Ben z imidazole Derivatives 

2. CLAIM 

A compound of the formula: 



wherein the ring A is a benzene ring which may optionally contain 
substitution; R 1 is hydrogen or an optionally substituted 
hydrocarbon residue; R 2 is a group capable of forming an anion or a 
group convertible thereinto; X is a direct bond or a spacer having an 
atomic length of two or less between the phenylene group and the 
phenyl group; Y is -0-, -S(0) m - or -N(R*)- wherein m is an integer 
of 0, 1 or 2 and R 4 is hydrogen or an optionally substituted alkyl 
group; and n is an integer of 1 or 2; 
or a pharmaceutical^ acceptable salt thereof. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[FIELD OF THE INVENTION] 

The present invention relates to novel benzimidazole 
derivatives having potent pharmacological actions and intermediates 
for the preparation thereof. More particularly, the present 
invention relates to compounds having the following formula: 
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wherein the ring A is a benzene ring which may optionally contain 
substitution; R 1 is hydrogen or an optionally substituted 
hydrocarbon residue; R 2 is a group capable of forming an anion or a 
group convertible thereinto; X is a direct bond or a spacer having an 
atomic length of two or less between the phenylene group and the 
phenyl group; Y is -0-, -S(0) m - or -N(R*)- wherein m is an integer 
of 0, 1 or 2 and R 4 is hydrogen or an optionally substituted alkyl 
group; and n is an integer of 1 or 2; and the pharmaceutical^ 
acceptable salts thereof, which have potent anti-hypertensive 
activity and strong angiotensin H antagonistic activity. 
They are useful as therapeutic agents for treating circulatory 
diseases such as hypertensive diseases, heart diseases (e.g. 
hypercardia, heart failure, cardiac infarction, etc.), strokes, 
cerebral apoplexy, etc. 

[BACKGROUND OF THE INVENTION AND PROBLEM TO BE SOLVED] 

The renin-angiotensin system is involved in the homeostatic 
function to control systemic blood pressure, the volume of body 
fluid, balance among the electrolytes, etc. , associated with the 
aldosterone system. Development of angiotensin H converting enzyme 
inhibitors (ACE inhibitor) (this converting enzyme produces 
angiotensin n which possesses a strong vasoconstrictive action) has 
clarified the relation between the renin-angiotensin system and 
hypertension. Since angiotensin K constricts blood vessel to elevate 
blood pressure via the angiotensin H receptors on the cellular 
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membranes, angiotensin H antagonists, like the ACE inhibitor, would 
be useful in treating hypertension caused by angiotensin. 

It has been reported that various angiotensin H analogues 
such as saralasin, [Sar 1 , lie 8 ] A J , and the like, possess potent 
angiotensin H antagonist activity. 

It has, however, been reported that, when peptide 
antagonists are administered parenterally , their actions are not 
prolonged and, when administered orally, they are ineffective (M. A. 
Ondetti and D. W. Cushman, Annual Reports in Medicinal Chemistry, 1 3 , 
82-91 (1978)). 

It would be highly desirable to develop a non-peptide 
angiotensin n antagonist which overcomes these drawbacks. In the 
earliest studies in this field, imidazole derivatives having 
angiotensin H antagonist activity have been disclosed in Japanese 
Patent Laid Open No. 71073/1981; No. 71074/1981; No.. 92270/1982; No. 
157768/1983; USP No. 4,355,040, No. 4,340,598, etc. Later, improved 
imidazole derivatives are disclosed in European Patent Laid Open No. 
0253310, No. 0291969, No. 0324377, Japanese Patent Laid Open No. 
23868/1988; and No. 117876/1989. Further, pyrole, pyrazole, and 
triazole derivatives are disclosed as angiotensin II antagonists in 
European Patent Laid Open No. 0323841 , and Japanese Patent Laid Open 
No. 287071/1989. 

USP No. 4,880,804 discloses benzimidazole derivatives 
having an angiotensin! receptor antagonistic action, which are 
intravenously active in vivo in rats with renal hypertension. 
Examples of such benzimidazole derivatives are those represented by 
the following formula (A) : 
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wherein substituents, for example, in the 5- and/or 6-position are 
hydroxy methyl, methoxy, formyl, chloro, or carboxy. Although most 
compounds among those exemplified are orally inactive, it is said 
that only the 6-hydroxymethyl and 6-chloro compounds are orally 
effective (100 mg/kg or less). It is, however, believed that the 
activity of even these disclosed compounds is insufficient for 
clinical uses. 

[MEANS FOR SOLVING THE PROBLEM] 

The present invention provides novel benzimidazole 
derivatives having potent anti-hypertensive activity and strong 
angiotensin]! antagonistic action, which are of practical value in 
clinical use as therapeutic agents. 

The present inventors considered that compounds 
functioning to control the renin-angiotensin system as well as 
clinically useful for the treatment of circulatory diseases such as 
hypertensive diseases, heart diseases (e.g. hypercardia, heart 
failure, cardiac infarction, etc.), strokes, cerebral apoplexy, etc. 
are required to have potent angiotensin H receptor antagonistic 
activity and to exert strong oral and long-lasting angiotensin H 
antagonist action. Extensive investigations were made based on 
those consideration. As a result of this research, the present 
inventors have succeeded in synthesizing novel 2-substituted 
benzimidazole derivatives (I) possessing highly angiotensin H 
receptor antagonistic activity as well as exerting strong oral 
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and long-lasting angiotensin H antagonistic and anti-hypertensive 
action and developed the present invention. 

The present invention relates to benzimidazole derivatives 
having the formula I: 



wherein the ring A is a benzene ring which may optionally contain 
substitution; R 1 is hydrogen or an optionally substituted 
hydrocarbon residue; R 2 is a group capable of forming an anion or a 
group convertible thereinto; X is a direct bond or a spacer having an 
atomic length of two or less between the phenylene group and the 
phenyl group; Y is -0-, -S(0) m - or -N(R* )- wherein m is an integer 
of 0, 1 or 2 and R 4 is hydrogen or an optionally substituted alkyl 
group; and n is an integer of 1 or 2; and the pharmaceutical^ 
acceptable salts thereof. 

With regard to the foregoing formula (I), hydrocarbon 
residues for R 1 include, for example, alkyl, alkenyl, alkynyl, 
cycloalkyl, aryl, and aralkyl groups. Among them, alkyl, alkenyl, 
and cycloalkyl groups are preferable. 

Alkyl groups for R 1 are lower alkyl groups having 1 to 
about 8 carbon atoms, which may be straight or branched, and include, 
for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, t-butyl, pentyl, i-pentyl, hexyl, heptyl, octyl, and the 
like. The above-mentioned alkyl groups may be substituted with 
hydroxyl, an optionally substituted amino group (e.g. amino, 
methylamino, etc.), halogen, a lower (Ci_ 4 ) alkoxy group or the 
like. 
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Alkenyl groups for R 1 are lower alkenyl groups having 2 to 
about 8 carbon atoms, which may be straight or branched, and include, 
for example, vinyl, propenyl, 2-butenyl, 3-butenyl, isobutenyl, 
octenyl, and the like. 

Cycloalkyl groups for R 1 are lower cycloalkyl groups having 
3 to about 6 carbon atoms, and include, for example, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, and the like. 

Aralkyl groups for R l include, for example, phenyl-lower 
(Cj.ft) alkyl such as benzyl, phenethyl, and the like, and the aralkyl 
group may be substituted with, for example, halogen (e.g. F, CI, 
Br, etc.), nitro, lower (C^.*) alkoxy (e.g. methoxy, ethoxy, etc.), 
lower (C^u) alkyl (e.g. methyl, ethyl, etc.), or the like at 
various positions of the benzene ring. 

Aryl groups for R 1 include, for example, phenyl and the 
aryl group may be substituted with, for example, halogen (e.g. F, CI, 
Br, etc.), nitro, lower (C^O alkoxy (e.g. methoxy, ethoxy, etc.), 
lower (C^O alkyl (e.g. methyl, ethyl, etc.), or the like at various 
positions of the benzene ring. 

Among the above-mentioned groups for R 1 , preferred examples 
are optionally substituted alkyl groups (e.g. lower (C 2 _ 5 ) alkyl 
groups optionally substituted with hydroxyl, an amino group, halogen 
or a lower (Ci_ 4 ) alkoxy group). 

Examples of groups capable of forming an anion and groups 
convertible thereinto for R 2 include carboxyl, tetrazolyl, trifluoro- 
methanesulfonic amide (-NHS0 2 CF 3 ), phosphoric acid, sulfonic acid, 
cyano, lower (Ci_ 4 ) alkoxycarbonyl, and the like. These groups may 
be protected with, for example, an optionally substituted lower alkyl 
group or an acyl group. Such groups may include those which are 
capable of forming anions or convertible thereinto either chemically 
or under biological and/or physiological conditions (for example, 
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in vivo reaction such as oxidation-reduction or hydrolysis catalyzed 
by in vivo enzymes) . 

The compounds wherein R 2 is a group capable of forming an 
anion or convertible thereinto chemically (e.g. by oxidation, 
reduction or hydrolysis) (for example, an optionally protected 
tetrazolyl group (e.g. a group having the formula: 



N-N 


wherein R is methyl, triphenylmethyl, 2-tetrahydropyranyl, 
methoxymethyl, ethoxymethyl, or optionally substituted benzyl such as 
p-methoxybenzyl and p-nitrobenzyl) , cyano and the like), are useful 
as synthetic intermediates. 

Among the above-mentioned groups for R 2 , preferred examples 
are tetrazolyl groups optionally protected with optionally 
substituted lower alkyl or acyl, carboxyl groups optionally protected 
with optionally substituted lower alkyl, and trif luoromethanesulf onic 
amide. 

The benzene ring A may optionally contain substitution and 
such substituents include halogen (e.g. F, CI, Br, etc.); nitro; 
cyano; optionally substituted amino [e.g. amino, N-lower (Ci_ 4 ) alkyl 
such as methylamino, N,N-dilower (C,_ 4 ) alkyl amino such as 
dimethylamino, N-arylamino such as phenylamino, and alicyclic amino 
such as morpholino, piperidino, piperazino and N-phenylpiperazino] ; 
groups having the formula: -W-R 

wherein W is a chemical bond, -0-, -S-, or -C-, 

II 
0 

and R is hydrogen or an optionally substituted lower alkyl group 
(e.g. lower (Cj-O alkyl optionally substituted with hydroxyl, 
optionally substituted amino (e.g. amino, etc.), halogen or lower 
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(C,_tJ alkoxy, etc.); groups having the formula: -(CH 2 )^ -CO-D 

wherein D is hydrogen, hydroxyl, amino, N-lower (C,_0 alkylamino, 
N,N-dilower (C^*) alkyl amino or lower (Ci_ 6 ) alkoxy optionally 
substituted with hydroxyl, optionally substituted amino (e.g. amino, 
dimethylamino, diethylamino, piperidino, morpholino, etc.), halogen, 
lower (C 2 _6) alkanoyloxy (e.g. acetyloxy, pivaloyloxy, etc.), 
1-lower (Cj.e) alkoxy or lower (Ci_ 6 ) alkylthio, lower (Ci_ s ) 
alkoxycarbonyloxy (e.g. methoxycarbonyloxy , ethoxycarbonyloxy, 
cyclohexyloxycarbonyloxy, etc.) on the alkyl moiety, and £ is 0 or 1 ; 
tetrazolyl optionally protected with, for example, an optionally 
substituted lower alkyl group (e.g. lower (C : _u) alkyl, etc.) or an 
acyl group (e.g. lower (C 2 _ 5 ) alkanoyl, optionally substituted 
benzoyl, etc.); trif luoromethanesulfonic amide; phosphoric acid; 
sulfonic acid; etc. 

One to three of these substituents may be substituted at 
various positions of the benzene ring. 

X shows that the adjacent phenylene group is bonded to the 
phenyl group directly or through a spacer with an atomic chain of 2 
or less. As the spacer, any one can be exemplified, so long as it 
is a divalent chain in which the number of atoms constituting the 
straight chain is 1 or 2, and it may have a side chain. 
Examples of such spacers include lower (Ci_ 4 ) alkylene, 

-C-, -0-, -S-, -N-, -ffljK -0-(j-, -S-(f-, -9 = 9", etc. 
0 HO II H II H H 

The most preferred X is a chemical bond between the phenylene group 
and the phenyl group. 

Y represents that R 1 is bonded to the 2-position of 
benzimidazole through a hetero atom. Examples of Y include -0-, 
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-SO m - wherein m is 0, 1, or 2, -N(R* ) - wherein R 4 is hydrogen or an 
optionally substituted lower (Ci_ 4 ) alkyl group, and the like, 
preferably -0-, -S-, and -NH-, more preferably -0- and -S-, 
especially -0-. 

When R 1 = H, the compounds having the formula (I) [Compound 
(I)] can exist in two tautomeric forms. 

Among the compounds represented by the above formula (I), a 
preferred embodiment of the invention is a compound of the formula: 

R 2 



(I') 


IT 

wherein R 1 is lower (C 2 . 5 ) alkyl optionally substituted with 
hydroxy 1, amino, halogen, or a lower (Ci_ 4 ) alkoxy group; R' is 
a group having the formula: -C0-D 1 wherein D 1 is hydroxyl, amino, 
N-lower (C,_*) alkylamino, N,N-dilower (Ci_ 4 ) alkyl amino or lower 
(C,_ft) alkoxy optionally substituted with hydroxyl, amino, halogen, 
lower (C 2 _ 6 ) alkanoyloxy, 1 -lower (C^s) alkoxycarbonyloxy or lower 
(C,_*) alkoxy on the alkyl moiety, or tetrazolyl optionally protected 
with a lower (Ci_ 4 ) alkyl or acyl group (e.g. lower (C 2 _ 5 ) alkanoyl, 
benzoyl, etc.); R 2 is tetrazolyl optionally protected with an 
optionally substituted lower (Ci_ 4 ) alkyl (e.g. methyl, 
triphenylmethyl , methoxymethyl , ethoxymethyl , p-methoxybenzy 1 , 
p-nitrobenzyl, etc.) or acyl group (e.g. lower (C 2 - 5 ) alkanoyl, 
benzoyl, etc.), or carboxyl optionally protected with an optionally 
substituted lower (Cj_u) alkyl group (e.g. methyl, triphenylmethyl, 
methoxymethyl, ethoxymethyl, p-methoxybenzyl, p-nitrobenzyl, etc.); 
R" is hydrogen, halogen, lower (Ci_ 4 ) alkyl, lower (Ci_ 4 ) alkoxy, 
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nitro or -CO-D" wherein D" is hydroxyl or lower (C^) alkoxy, or 
amino optionally substituted with lower (C^*) alkyl ( inter alia 
hydrogen, lower (C^O alkyl, or halogen, more preferably hydrogen); 
and Y is -0-, -S-, or -N(R* )- wherein R* is hydrogen or an lower 
(C| _* ) alkyl group. 


by several reaction schemes, as illustrated below for a preferred 
compound. 


wherein R 1 , R 2 , A, X, Y and n have the above-defined meanings and Z 
is halogen. 


The compounds (I) of the present invention may be prepared 


Scheme A 



II 


Scheme B 



la 


lb 


wherein each group has the above-defined meaning. 
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Scheme C 


COOR' 


(CH 2 ) . — (Qf- x -\0) 

Ic 


(cn 2 )„-<p>-x-<y 



Id 


wherein R 1 , R 2 , A, X, Y and n have the above-defined meanings, 
and R 5 is optionally substituted lower (Ci_ s ) alkyl. 

Scheme D 


R : 


R 


(CH S 
NH 


NH: 


IV 


I 

c(or'), r^r H \ 


(ch 2 ).-<0^-x-hQ> 


Ie 


wherein each group has the above-defined meaning. 

Scheme E 


(CH 2 )„-<g^X-<g> 


I 

NH 
NH 5 


IV 


^CVOH 


If 


wherein each group has the above-defined meaning. 
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Scheme G 
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wherein each group has the above-defined meaning. 
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wherein each group has the above-defined meaning. 
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Scheme J 
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Scheme K 
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wherein each group has the above-defined meaning. 
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wherein A, R, R' , X, Y and n have the above-defined meanings, 
and R 6 is lower (C,_ 6 ) alkyl optionally substituted with lower 
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(C 2 _ 6 ) alkanoyloxy, 1 -lower (Cj.s) alkoxycarbonyloxy , etc. 

The reaction as illustrated in Scheme A is an alkylation 
using an alkylating agent in the presence of a base. One molar 
portion of the compound (II) is employed with approximately 1 to 3 
moles of the base and 1 - 3 moles of the alkylating agent. 
The reaction is conventionally conducted in solvents such as 
dimethylformamide, dimethylacetamide , dimethylsulf oxide, 
acetonitrile, tetrahydrof uran, acetone, ethylmethylketone, and the 
like. Examples of such bases include sodium hydride, potassium 
t-butoxide, potassium carbonate, sodium carbonate, and the like. 
Examples of such alkylating agents include substituted halides (e.g. 
chlorides, bromides, iodides, and the like), substituted sulfonate 
esters (e.g. p-toluenesulfonate esters, and the like), etc. 
The reaction conditions may vary depending on the combination of 
the base and the alkylating agent. Advantageously, the reaction is 
carried out at ice-cooling to room temperature for about 1-10 
hours. 

In the said alkylation, a mixture of two isomers, (I) and 
(I") is usually obtained depending on the position of the N atom 
to be alkylated. While the production ratio of Compound (I) and 
Compound (I") varies with the reaction conditions employed and 
the substituents on the benzimidazole ring, these two compounds can 
be obtained easily as pure products respectively by conventional 
isolation and/or purification methods (e.g. recrystallization , column 
chromatography and the like). 

The nitrile compound (la) is reacted with various azides to 
form the tetrazole compound (lb) as illustrated in Scheme B. One 
molar portion of the compound (la) is employed with 1 - 5 moles of 
the azide. The reaction is conventionally conducted in solvents such 
as dimethylformamide, dimethylacetamide, toluene, benzene, and the 
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like. Examples of such azides include trialkyltin azide (e.g. 
trimethyltin azide, tributyltin azide, triphenyltin azide, etc.), 
hydrogen azide and ammonium salts thereof, and the like. In the case 
where' the organotin azide compound is employed, 1 - 4 moles of the 
azide are employed per compound (la) and the reaction is carried out 
in toluene or benzene by heating under reflux for a period of 1 - 4 
days. When the hydrogen azide or its ammonium salt is used, 1 - 5 
moles of sodium azide and ammonium chloride or tertiary amine (e.g. 
triethylamine, tributylamine, etc.) are employed per compound (la) 
and the reaction is conducted in dimethylformamide at about 100°C - 
120°C for about 1 - 4 days. During this reaction, it is preferable 
to facilitate the reaction by adding an appropriate amount of sodium 
azide and ammonium chloride. In this case, improvement may sometimes 
be observed in reaction time and yield by the addition of the azide 
compound in suitable fractions. 

The ester (Ic) is hydrolyzed in the presence of alkali to 
give the carboxylic acid (Id) as illustrated in Scheme C. This 
reaction is conducted usually in a solvent such as aqueous alcohol 
(e.g. methanol, ethanol, methyl cellosolve, etc.) by using alkali in 
an amount of about 1 to 3 mol. relative to 1 mol. of Compound (Ic). 
Examples of such alkalis include sodium hydroxide, potassium 
hydroxide, etc. The reaction is conducted at temperatures ranging 
from room temperature to about 100°C for about 1 to 1 0 hours, 
preferably around the boiling point of the solvent for about 2 to 5 
hours. 

The 2-alkoxy derivative (Ie) is obtained by reacting 
phenylenediamine (IV) with alkyl orthocarbonate as illustrated in 
Scheme D. The reaction is conducted in the presence of an acid by 
using alkyl orthocarbonate of about 1 to 3 mol. relative to Compound 
(IV). Examples of such alkyl orthocarbonates include orthocarbonates 
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of, for example, methyl, ethyl, propyl, isopropyl, butyl, etc. 
And, by using , f or example, acetic acid or p-toluenesulfonic acid, 
the reaction is accelerated to afford a ring-closed compound in a 
good yield. As the reaction solvent, halogenated hydrocarbons and 
ethers can be employed but, usually, it is more convenient to conduct 
the reaction without a solvent. The reaction is usually conducted at 
about 70 to 100°C for about 1 to 5 hours. In this reaction, a 
dialkoxyimino compound is produced as the reaction intermediate, 
which is then ring-closed into the 2-alkoxy compound (Ie) in the 
presence of the acid in the reaction system. It is also possible 
to isolate the reaction intermediate, which is then subjected to 
ring-closure reaction in the presence of an acid to form the 
2-alkoxy compound (Ie). 

The phenylenediamino compound (IV) is reacted with various 
reagents to give the 2-keto compound (or the 2-hydroxy compound, If) 
as illustrated in Scheme E. This reaction is conducted by using a 
carbonylating reagent (e.g. urea, diethyl carbonate, bis(1- 
imidazolyl) ketone, etc.) in an amount of about 1 to 5 mol. relative 
to 1 mol. of Compound (IV) and, usually, by using, among others, 
halogenated hydrocarbons (e.g. methylene chloride, chloroform, etc.), 
alcohols (e.g. methanol, ethanol, etc.) or amides (e.g. dimethyl- 
formamide, dimethylacetamide, etc. ) . 

The 2-hydroxy compound (If) is selectively O-alkylated with 
a Meerwein reagent to give the 2-alkoxy compound (Ig) as illustrated 
in Scheme F. This reaction is conducted by using the Meerwein 
reagent in an amount of about 1 to 3 mol. relative to Compound (If), 
usually, employing, as the solvent, halogenated hydrocarbons (e.g. 
methylene chloride, chloroform, etc.) or ethers (e.g. methyl ether, 
ethyl ether, etc.). Examples of such Meerwein reagents include, 
among others, trimethyl oxonium fluoroborate (Me 3 0 + BF 4 ~), 
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triethyl oxonium fluoroborate (Et 3 O f BF 4 ~), etc. These are 
preferably used by in situ preparation according to the method 
described in literature references [H. Meerwein, Org. Syn. 46. 113 
and 120(1966)]. The reaction is preferably conducted at temperatures 
ranging from about room temperatures to the boiling point of the 
solvent used for about 2 to 20 hours. 

The phenylene diamino compound (IV) is reacted with various 
reagents in an organic solvent to give the 2-mercapto compound (Ih) 
as illustrated in Scheme G. Relative to 1 mol. of the phenylene 
diamino compound (IV), about 1 to 3 mol. of a thiocarbonylating agent 
(e.g. carbon disulfide, thiourea, potassium xanthate, etc.) or 
isothiocyanate (e.g. methyl isothiocyanate, ethyl isothiocyanate, 
etc.) is used. As the reaction solvent, alcohols (e.g. methanol, 
ethanol, etc.), amides (e.g. dimetylformamide, dimethylacetamide, 
etc.) or the like can be used. The reaction is preferably conducted 
at temperatures ranging from room temperatures to the boiling point 
of the solvent used for about 5 to 20 hours. 

The 2-mercapto compound (Ih) is alkylated in the presence 
of a base in an organic solvent to give the alkylthio compound (Ii) 
as illustrated in Scheme H. The reaction is conducted by using, 
relative to 1 mol. of Compound (Ih), about 1 to 3 mol. of the base 
and about 1 to 3 mol. of the alkylating agent usually in a solvent 
such as dimethylformamide, dimethylacetamide, dimethylsulf oxide, 
acetonitrile, acetone, ethyl methyl ketone, ethanol, methanol and 
water. As the base, there is used sodium hydroxide, potassium 
carbonate, sodium carbonate, sodium hydride, potassium t-butoxide, 
potassium hydroxide or the like. As the alkylating agent, there is 
used, for example, a halide (e.g. methyl iodide, ethyl iodide, propyl 
iodide, butyl iodide, and bromide or chloride thereof). The reaction 
is conducted usually at temperatures ranging from ice-cooling to the 
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boiling point of the solvent used, while the reaction conditions vary 
with the base, the alkylating agent and the solvent employed. 

The phenylenediamine (IV) is reacted with isothiocyanate to 
form the thiourea compound (V), which is then subjected to 
desulfurization-cyclization to give the 2-substituted amino 
compound (Ij) as illustrated in Scheme I. The reaction is conducted 
by using about 1 to 3 mol. of isothiocyanate relative to 1 mol. of 
Compound (IV) usually in halogenated hydrocarbons (e.g. chloroform, 
methylene chloride, etc.), ethers (e.g. tetrahydrofuran, dioxane, 
etc.), aromatic hydrocarbons (e.g. benzene, toluene, etc.), alcohols 
(e.g. methanol, ethanol, etc.), acetonitrile, dimethylformamide or 
the like. The reaction can also be conducted without these solvents. 
Examples of such isothiocyanates include isothiocyanates of methyl, 
ethyl, propyl, isopropyl, butyl, etc. The reaction is conducted 
preferably at temperatures ranging from room temperatures to about 
50°C for about 1 0 to 60 hours. The desulfurization-cyclization can 
be conducted in a manner as described below. 

The reaction is conducted, in halogenated hdyrocarbons 
(e.g. HgCl 2 ), by using about 1 to 3 mol. of a metal halide (e.g. 
HgCl 2 ) relative to 1 mol. of the thiourea (V) obtained by the 
above-mentioned method. The reaction is conducted preferably at 
temperatures ranging from room temperature to the boiling point of 
a solvent employed for about 3 to 1 0 hours. The reaction can also 
be conducted by using about 1 to 3 mol. of methyl iodide relative 
to 1 mol. of thiourea (V) in alcohols (e.g. methanol or ethanol), 
preferably at temperatures ranging from room temperature to about 
the boiling point of the solvent for about 3 to 1 5 hours. 

The carboxylic acid (Ik) is formed by the alkaline 
hydrolysis of the carboxylic acid ester compound (Ij) as illustrated 
in Scheme J. The reaction is conducted by using about 1 to 3 mol. of 
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alkali relative to 1 mol. of Compound (Ij) usually in a solvent such 
as an aqueous alcohol (e.g. methanol, ethanol, methyl cellosolve, 
etc.). Examples of such alkalis include sodium hydroxide, potassium 
hydroxide or the like. The reaction is conducted at temperatures 
ranging from room temperature to about 100°C for about 1 to 1 0 hours, 
preferably at about the boiling point of a solvent used for about 
3 to 5 hours. 

The protected tetrazole derivative (II) is deprotected to 
give Compound (Im) as depicted in Scheme K. Conditions of the 
deprotection depend on the protective group (R) then used. When R is 
triphenylmethyl, 2-tetrahydropyranyl, methoxymethyl, ethoxymethyl or 
the like, it is convenient to conduct the reaction in an aqueous 
alcohol (e.g. methanol, ethanol, etc.) containing about 0.5N to 2N 
hydrochloric acid or acetic acid at about room temperatures for 
about 1 to 10 hours. 

The compound (Iq) is prepared by protecting the tetrazole 
group in the presence of a base, and then the carboxyl group to give 
the ester compound (Ip) , followed by removing the protective group 
under acid conditions as illustrated in Scheme L. In the reaction to 
obtain Compound (Io) from Compound (In), an alkylating agent is used 
in an amount of about 1 to 1 . 5 mol. relative to 1 mol. of Compound 
(In). Examples of the solvents to be used for the reaction include 
halogenated hydrocarbons such as chloroform, methylene chloride and 
ethylene chloride, ethers such as dioxane and tetrahydrof uran , 
acetonitrile, pyridine, etc. Examples of such bases include 
potassium carbonate, sodium carbonate, triethylamine, pyridine, etc. 
Examples of such alkylating agents include halides such as triphenyl- 
methyl chloride and methoxy methyl chloride, etc. While reaction 
conditions vary with combinations of the base and the alkylating 
agent employed, it is preferable to conduct the reaction by using 
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triphenylmethyl chloride at temperatures ranging from ice-cooling to 
room temperature for about 1 to 3 hours in methylene chloride in the 
presence of triethylamine. In the reaction for producing Compound 
(Ip) from Compound (Io) thus obtained, the alkylating agent is 
used in an amount of about 1 to 3 mol. relative to 1 mol. of 
Compound (Iq). Examples of the reaction solvent include amides such 
as dimethylformamide and dimethylacetamide, acetonitrile, dimethyl- 
sulf oxide, acetone, ethyl methyl ketone, etc. Examples of the base 
include potassium carbonate, sodium carbonate, sodium hydride, 
potassium t-butoxide, etc. Examples of such alkylating agents 
include halides such as cyclohexyl 1 -iodoethyl carbonate, ethyl 
1-iodoethyl carbonate, pivaloyloxymethyl iodide, etc. While reaction 
conditions vary with combinations of the base and the alkylating 
agent employed, it is preferable to subject Compound (Io) to reaction 
in DMF, by adding the alkylating agent in the presence of potassium 
carbonate, at about room temperatures for about 30 minutes to one 
hour. 

The reaction for deprotecting Compound (Ip) thus obtained 
is conducted preferably in a manner similar to the reaction (K) . 
When trityl group is used as the protecting group of tetrazole group, 
it is preferable to conduct the reaction in methanol or ethanol, 
while adding 1N-HC1, at about room temperatures for about 30 minutes 
to one hour. 

The reaction products obtained as above by the reaction 
processes (A) to (L) , can be easily isolated and/or purified by or 
according to conventional methods such as, for example, column 
chromatography, recrystallization and the like. 

And, by conventional means, the compounds (I) can be formed 
as salts with non-toxic, physiologically or pharmaceutically 
acceptable acids or bases, for example salts with an inorganic acid 
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such as hydrochloride, sulfate or nitrate, and, depending on 
compounds, salts with an organic acid such as acetate, oxalate, 
succinate or maleate, salts with an alkali metal such as sodium salt 
or potassium salt, or salts with an alkaline earth metal such as 
calcium salt. 

For the synthesis of these compounds (I), the starting 
compounds (II), (III) and (IV) can be synthesized by or according 
to the methods described in, for example, the following literature 
references or methods analogous thereto, namely, by the reactions 
(L), (M), (N) and (0) as depicted below. 

(1) P. N. Preston, The Chemistry of Heterocyclic Compounds, Vol. 40, 
ed. by P. N. Preston, John Wiley & Sons Inc., New York (1981), 
pp. 1-286, 

(2) E. S. Schipper and A. R. Day, Heterocyclic Compounds, Vol. 5, ed. 
by R. C. Elderfield, John Wiley & Sons Inc., New York (1965), 

pp. 194-297, 

(3) N. J. Leonard, D. Y. Curtin, & K. M. Beck, J. Am. Chem. Soc. 69, 
2459 (1947), 

(4) S. Weiss, H. Michaud, H. Prietzel, & H. Kromer, Angew. Chem. 85, 

866 (1973), 

(5) W. B. Wright, J. Heterocycl. Chem., 2, 41 (1965), 

(6) A. M. E. Omar, Synthesis, 1 974 , 41, 

(7) D. J. Brown & R. K. Lynn, J. Chem. Soc. (Perkin I), 1974 , 349, 

(8) J. A. Van Allan & B. D. Deacon, Org. Syn. , 30, 56 (1950), 

(9) S. P. Singh, S. S. Parmar & B. R. Pandey, J. Heterocycl. Chem., 
14> 1093 (1977), 

(10) S. Nakajima, I. Tanaka, T. Seki & T. Anmo, Yakugaku Zasshi, 78, 
1378 (1959), 

(11) K. Seno, S. Hagishita, T. Sato & K. Kuriyama, J. Chem. Soc, 
Perkin Trans. 1984 , 2013, 
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(12) D. R. Buckle et al. , J. Med. Chem. , 30, 2216 (1987), 

(13) R. P. Gupta, C. A. Larroquette & K. C. Agrawal, J. Med. Chem. , 
25, 1342 (1982), etc. 
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[wherein R 2 , A, X and n are of the same meaning as defined above; and 
R 3 stands for a lower (C^*) alkyl group]. 
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[wherein each group is of the same meaning as defined above] . 

The compounds (I) and the salts thereof thus produced are 
less toxic, strongly inhibit the vasoconstrictive and hypertensive 
actions of angiotensin H , exert a hypotensive effect in animals, in 
particular mammals (e.g. human, dog, rabbit, rat, etc.), and therefore 
they are useful as therapeutics for not only hypertension but also 
circulatory diseases such as heart failure (hypertrophy of the heart, 
cardiac insufficiency, cardiac infarction or the like), strokes, 
cerebral apoplexy, etc. For therapeutic use, the compounds (I) and 
salts thereof can be orally or parenterally administered as 
pharmaceutical compositions or formulations (e.g. powders, granules, 
tablets, capsules, injections, and the like) comprising at least one 
such compound alone or in admixture with pharmaceutical^ acceptable 
carriers, adjuvants and/or diluents. 


employed depending upon a variety of factors. The dose varies with 
the diseases to be treated, symptoms, subjects and administration 
routes, and it is desirable that a daily dose of 1 0 to 1 00 mg for oral 
administration or 5 to 50 mg for intravenous injection is divided 


Specific dose levels for any particular patient will be 
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into 2 to 3 administrations when used for treating adult essential 
hypertension. 

Examples 

By the following formulation examples, working examples, 
experimental examples and reference examples, the present invention 
will be explained more concretely, but they should not be interpreted 
as limiting the invention in any manner. 
Formulation Examples 

When the compound (I) of the present invention is used as 
a therapeutic agent for circulatory failures such as hypertension, 
heart diseases, strokes, etc., it can be used in accordance with, for 
example, the following formulations. 
1 . Capsules 

( 1 ) 2-ethoxy-1 - [ [ 2 * - ( 1 H-tetrazol-5-y 1 ) biphenyl-4-yl ] 


methyl ]benzimidazole-7-carboxylic acid 10 mg 

(2) lactose 90 mg 

(3) fine crystalline cellulose 70 mg 

(4) magnesium stearate 10 mg 

one capsule 1 80 mg 


(2), (3) and a half of (4) are mixed and granulated. 
To the granules is added the remainder of (4), and the whole is 
filled into gelatin capsules. 
2. Tablets 

( 1 ) 2-ethoxy-l - [ [ 2 • - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl] 


methyl ]benzimidazole-7-carboxylic acid 10 mg 

(2) lactose 35 mg 

(3) corn starch 150 mg 

(4) fine crystalline cellulose 30 mg 

(5) magnesium stearate 5 mg 

one tablet 230 mg 
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(1), (2), (3), two thirds of (4) and a half of (5) are 
mixed and granulated. To the granules are added the remainders of 
(4) and (5), followed by subjecting the granules to compression 
molding. 
3. Injections 

(1 ) 2-methylthio-1-[ [2'-(1H-tetrazol-5-yl)biphenyl-4-yl] 
methyl] benzimidazole-7-carboxylic acid disodium salt 

10 mg 

(2) inositol 1 00 mg 

(3) benzyl alcohol 20 mg 

one ampoule 1 30 mg 

(1), (2) and (3) are dissolved in distilled water for 
injection to make the whole volume 2 ml, which is filled into an 
ampoule. The whole process is conducted under sterile conditions. 
Reference Example 1 

2-Propoxybenzimidazole 

To a solution of o-phenylenediamine (2 g) in propyl 
orthocarbonate (5 ml) was added acetic acid (1.1 ml) and the solution 
was stirred at 80°C for 3 hours. To the reaction mixture was added 
ethyl acetate, and the solution was washed with an aqueous solution 
of sodium hydrogen carbonate and water, then dried (Na 2 SCU), followed 
by concentration to dryness. The concentrate was purified by column 
chromatography on silica gel to give crystals. Recrystallization 
from ethyl acetate - benzene afforded colorless crystals (1.54 g, 
47%), m.p. 163-164°C. 
Reference Example 2 

Ethyl 2-carboxy-3-nitrobenzoate 

A mixture of 3-nitrophthalic acid (35 g) in ethanol 
(300 ml) containing cone, sulfuric acid (20 ml) was heated under 
reflux for 24 hours. The solvent was evaporated in vacuo and the 
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residue was poured into cold water (700 ml). The mixture was 
extracted with ethyl acetate. The organic layer was washed with 
water and shaken with an aqueous solution of potassium carbonate. 
The aqueous layer was made acidic with hydrochloric acid and the 
mixture was extracted with methylene chloride. The organic layer was 
washed with water, then dried, followed by evaporation of the 
solvent. The resultant solid (29 g, 74%) was used for the subsequent 
reaction without purification. 

1 H-NMR(90MHz, CDC1 3 )(5: 1.43(3H,t), 4.47(2H,q), 7.70(1H,t), 

8.40(2H,d), 9.87(1H,br s) 
IR(Nujol) cm" 1 : 1725, 1535, 1350, 1300, 1270 
Reference Example 3 

Ethyl 2-t-butoxycarbonylamino-3-nitrobenzoate 

A mixture of ethyl 2-carboxy-3~nitrobenzoate (23.9 g) and 
thionyl chloride (12 ml) in benzene (150 ml) were heated under reflux 
for 3 hours. The reaction mixture was concentrated to dryness. 
The resultant acid chloride (26 g, quantitative) was dissolved in 
methylene chloride (20 ml). The solution was added dropwise to a 
mixture of sodium azide (9.75 g) in dimethylformamide (DMF) (20 ml) 
with stirring vigorously. The reaction mixture was poured into a 
mixture of ether-hexane (3:1, 200 ml) and water (250 ml) to 
separate into two layers. The organic layer was washed with water, 
then dried, followed by evaporation of the solvent. The residue was 
dissolved in t-butanol (200 ml) and the solution was heated 
gradually with stirring, followed by heating under reflux for 2 
hours. The reaction mixture was concentrated in vacuo to give an 
oily product (30 g) . 

1 H-NMR(90MHz, CDC1 3 )S: 1.40(3H,t), 1.53(9H,s), 4.43(2H,q), 

7.23(1H,t), 8.03~8.27(2H,m), 9.70(lH,br s) 
IR(Neat) cm" 1 : 3320, 2980, 1740, 1585, 1535, 1500, 1440, 1375, 
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1265, 1155 
Reference Example 4 

Ethyl 2-[ [2* -cyanobiphenyl) ] amino] -3-nitrobenzoate 

To a solution of ethyl 2-t-butoxycarbonylamino-3-nitro- 
benzoate (20 g) in tetrahydrof uran (50 ml) was added, while stirring 
under ice-cooling, sodium hydride (60% dispersion in mineral oil, 
2.8 g). The mixture was stirred at room temperature for 20 minutes 
and to the mixture were then added 4- (2-cyanophenyl) benzyl bromide 
(18 g) and potassium iodide (360 mg), followed by heating for 10 
hours under reflux. The solvent was evaporated to dryness and the 
residue was partitioned between water (250 ml) and ether (200 ml). 
The organic layer was washed with water, dried and concentrated to 
give a yellow syrup. The syrup was dissolved in a mixture of 
trif luoroacetic acid (60 ml) and methylene chloride (40 ml) and the 
solution was stirred for one hour at room temperature. The reaction 
mixture was concentrated to dryness and to the residue was added 
ethyl ether (200 ml) to give crystals. The crystals were collected 
by filtration, washed with ether to give pale yellow crystals 
(22.1 g, 85%), m.p. 118-119°C. 

1 H-NMR(90MHz,CDCl 3 ) <5 : K37(3H,t), 4.23(2H,s), 4.37(2H,q), 

6.37(1H,t), 7.33-7.83(9H,m), 7. 97-8. 20(2H,m) 
IR(Nujol)cm-1 : 3280, 2220, 1690, 1575, 1530, 1480, 1450, 1255, 1105, 
755 

Reference Example 5 

Ethyl 3-amino-2- [ [ 2 ' -cyanobiphenyl-4-yl ) methyl ] amino ] benzoate 
To a solution of ethyl 2-[ [ (2* -cyanobiphenyl-4-yl) methyl] - 
amino]nitrobenzoate (10.4 g) in ethanol (50 ml) was added stannous 
dichloride dihydrate (28.1 g) and the mixture was stirred at 80°C 
for two hours. The solvent was evaporated to dryness. To the ice- 
cooling mixture of the residue in ethyl acetate (300 ml) was added . 
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dropwise 2N NaOH (500 ml) with stirring. The aqueous layer was 
extracted with ethyl acetate (200 ml x 2). The organic layers were 
combined, washed with water, and dried. The solvent was evaporated 
to dryness and the residue was purified by column chromatography on 
silica gel to give crystals. Recrystallization from ethyl acetate - 
hexane gave colorless crystals (7.3 g, 19%), m.p. 104-105°C. 
1 H-NMR (200MHz, CDC1 3 )5: 1.33(3H,t), 4.23(2H,s), 4.27(2H,q), 
6.83-6.93(2H,m), 7. 35-7. 55 (7H,m) , 7.64(1H,dt), 7.76(dd) 
IR(KBr) cm" 1 : 3445, 3350, 2220, 1680, 1470, 1280, 1240, 1185, 1160, 

1070, 1050, 1020, 805, 750 
Reference Example 6 

Ethyl 1 - [ ( 2 ' -cyanobiphenyl-4-yl ) methyl ] -2-methoxybenzimidazole- 
7-carboxylate 

Acetic acid (0,2 g) was added to a solution of ethyl 
3-amino-2-[ [2 ? -cyanobiphenyl-4-yl)methyl]amino]benzoate (1.1 g) in 
methyl orthocarbonate (5 ml). The mixture was stirred at 80°C for 
one hour. The reaction mixture was concentrated, and the concentrate 
was extracted with ethyl acetate. The organic layer was then washed 
with an aqueous solution of sodium hydrogen carbonate and water. 
The solvent was evaporated in vacuo to give crystals. 
Recrystallization from ethyl acetate - benzene afforded colorless 
crystals (1.09 g, 90%), m.p. 160-161 °C. 

1 H-NMR (200MHz, CDC1 3 )5: 1.23(3H,t), 4.23(2H,q), 4.26(3H,s), 
5.72(2H,s), 7.09(2H,d), 7.20(1H,t), 7. 38-7. 48 (4H, m) , 
7.58-7.66(2H,m), 7. 73-7. 79 (2H, m) 

IR(KBr) cm' 1 : 3000, 2220, 1725, 1560, 1465, 1440, 1415, 1285, 1250, 
1220, 1040, 760, 750, 740 
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Reference Example 7 

Ethyl 1 - [ ( 2 1 -cyanobiphenyl-4-yl ) methyl ] -2-ethoxybenzimidazole- 
7-carboxylate 

Acetic acid (0.2 g) was added to a solution of ethyl 
3-amino-2-N-[2'-cyanobiphenyl-4-yl)methyl]aminobenzoate (1.0 g) in 
ethyl orthocarbonate (5 ml). The mixture was stirred at 80° C for one 
hour. The reaction mixture was concentrated, and the concentrate was 
dissolved in ethyl acetate. The solution was washed with an aqueous 
solution of sodium hydrogen carbonate and water. The solvent was 
evaporated to give crystals. Recrystallization from ethyl acetate - 
benzene afforded colorless crystals (0.79 g, 69%), m.p. 1 31 -1 32°C. 
Elemental Analysis for C 26 H2 3N30 3 : 

C(« H(J8) N(%) 
Calcd. : 73.39; 5.45; 9.88 
Found : 73.36; 5.42 9.83 

1 H-NMR(200MHz, CDC1 3 )5: 1.24(3H,t), 1.49(3H,t), 4.24(2H,q), 

4.68(2H,q), 5.72(2H,s), 7.10(2H,d), 7.19(1H,t), 7. 38-7. 46 (4H,m) , 
7.56-7.66(2H,m), 7. 73-7. 77(2H,m) 
IR(KBr) cm" 1 : 2220, 1720, 1550, 1480, 1430, 1280, 1245, 1215, 1040, 

760, 740 
Reference Example 8 

Ethyl 1 -[ (2* -cyanobiphenyl-4-yl) methyl] -2-propoxybenzimidazole- 
7-carboxylate 

Acetic acid (0.2 g) was added to a solution of ethyl 
3-amino-2-N-[ [ (2' -cyanobiphenyl-4-yl) methyl] amino] benzoate (0.9 g) in 
propyl orthocarbonate (5 ml). The mixture was stirred at 80°C for one 
hour. The reaction mixture was concentrated, and the concentrate was 
dissolved in ethyl acetate. The solution was washed with an aqueous 
solution of sodium hydrogen carbonate. The solvent was evaporated to 
give crystals. Recrystallization from ethyl acetate - benzene 
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afforded colorless crystals (0.72 g, 68%), m.p. 90-92°C. 
Elemental Analysis for C 27 H2sN30 3 : 

C(%) H(%) N(%) 
Calcd. : 73.79; 5.73; 9.56 
Found : 73.84; 5.79; 9.54 

1 H-NMR(200MHz, CDCl 3 )<y: 1.01 (3H,t), 1.25(3H,t), 1 . 80-1 . 97 ( 2H, m) , 
4.24(2H,q), 4.57(2H,q), 5.72(2H,s), 7.11(2H,d), 7.19(lH,t), 
7.38-7.46(4H,m), 7. 56-7. 66 (2H, m) , 7. 73-7. 77(2H, m) 
IR(KBr) cm' 1 : 2220, 1725, 1550, 1480, 1460, 1430, 1370, 1280, 1245, 

1210, 1115, 1040, 760, 750, 740 
Reference Example 9 

Ethyl 1 -[ (2* -cyanobiphenyl-4-yl) methyl] -2-mercaptobenzimidazole- 
7-carboxylate 

A mixture of ethyl 3~amino-2-N-[ [ (2* -cyanobiphenyl-4-yl)- 
methyl] amino] benzoate (5.6 g) and sodium 0-ethyl dithiocarbonate (7.3 
g) in ethanol (50 ml) was heated for 8 hours under reflux. The 
reaction mixture was concentrated and the residue was dissolved in 
water. The solution was adjusted to pH 3-4 with hydrochloric acid. 
Precipitating crystals were collected by filtration, followed by 
recrystallization from ethanol to afford yellow crystals (5.0 g, 80%), 
m.p. 225-227°C. 

1 H-NMR(200MHz, DMS0-d 6 )5: 1.08(3H,t), 4.12(2H,q), 5. 90 ( 2H, brs) , 
7.08(2H,d), 7.27(lH,t), 7.38-7.59(6H,m), 7.76(1H,dt), 
7.92(lH,dd) 

IR(KBr) cm" 1 : 2210, 1720, 1460, 1440, 1420, 1375, 1335, 1265, 1180, 
1135, 1115, 1100, 985, 760, 740 
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Reference Example 1 0 

Methyl 2-[ [ (2 1 -cyanobiphenyl)methyl]amino] -3-nitrobenzoate 
A mixture of ethyl 2-[ [ (2 f -cyanobiphenyl)methyl]amino]-3- 
nitrobenzoate (5 g) and sodium hydride (60% dispersion in mineral 
oil, 1.62 g) in methanol (50 ml) was stirred at room temperature for 
one day. The reaction mixture was concentrated and the residue was 
poured into a saturated aqueous solution of sodium hydrogen carbonate 
(100 ml), followed by extraction with chloroform. The organic layer 
was washed with water, dried and concentrated to dryness to give 
crystals. Recrystallization from ethyl acetate - hexane afforded 
pale yellow crystals (3-98 g, 83%), m.p. 106-108°C. 
, H-NMR( 200MHz, CDC1 3 )<5: 3.8l(3H,s), 3.97(2H,br s), 4.23(2H,s), 
6.40(1H,br s), 6. 88-6. 91 (2H, m) , 7- 34-7. 55 (7H,m) , 
7.65(lH,dt, J=l .2, 7.7Hz), 7. 77(1 H,dd, J=1 . 4, 8. 0Hz) 
IR(KBr) cm" 1 : 3410, 3350, 2225, 1695, 1485, 1470, 1290, 1200, 780, 
760 

Reference Example 1 1 

Methyl 1 - [ ( 2 1 -cyanobiphenyl-4-yl ) methyl ] -2-ethoxybenzimidazole - 
7-carboxylate 

Acetic acid (0.37 g) was added to a solution of methyl 
3-amino-2-[[(2 f -cyanobiphenyl-4-yl)methyl]amino]benzoate (2.03 g) in 
ethyl orthocarbonate (5 ml), and the mixture was stirred at 80°C for 
one hour. The reaction mixture was concentrated to dryness and the 
residue was dissolved in ethyl acetate. The solution was washed with 
an aqueous solution of sodium hydrogen carbonate and water. The 
solvent was evaporated in vacuo to give crystals. 
Recrystallization from ethyl acetate - hexane afforded colorless 
crystals (2.01 g, 86%), m.p. 1 68. 5-1 69. 5°C 
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Elemental Analysis : 
C(%) H(%) 
Calcd. : 72.98; 5.14; 10.21 
Found : 72.71 ; 5.12; 9.97 

1 H-NMR(200MHz,CDCl 3 ) $ : 1 . 42 (3H, t , J=7. 1 Hz) , 3.71 (3H,s), 
4.63(2H,q,J=7.1Hz), 5.59(2H,s), 7. 09(2H,d, J=8. 4Hz) , 
7.20(lH,t,J=7.9Hz), 7. 45~7. 59 (5H, m) , 7. 69-7. 80 (2H, m) , 
7.92(1H,dd,J=1.4,7.8Hz) 
IR(KBr) cm" 1 : 2225, 1725, 1550, 1480, 1430, 1350, 1280, 1250, 1040, 

760, 750 
Reference Example 1 2 

Ethyl 2- [ [ ( 2 1 -cyanobiphenyl-4-yl ) methyl ] amino ] -3- ( 3- 
ethylthioureido ) benzoate 

A mixture of ethyl 3~amino-2-[ [ (2 1 -cyanobiphenyl-4-yl) - 
methyl]amino]benzoate (1.61 g) , ethyl isothiocyanate (1.5 ml) and 
ethanol (1 ml) was stirred at room temperature for 3 days. The 
reaction mixture was dissolved in ethyl acetate and the solution was 
washed with water, dried and concentrated to dryness to give 
crystals. Recrystallization from ethyl acetate - hexane afforded 
pale yellow crystals (1.92 g, 91%), m.p. 108-1 10°C. 
1 H-NMR( 200MHz, CDC1 3 ) <5 : 1.15(3H,t), 1.40(3H,t), 3. 50-3. 70 (2H, brs) , 

4.37(2H,q), 4.56(2H,d), 6.07(1H,t), 6.78(lH,t), 7. 1 9-7.24(1 H,m) , 
7.38-7.53(6H,m), 7.63(1H,dt), 7. 72-7. 76 ( 1 H, m) , 7.99(lH,dd), 
8.29(1H,br s) 

IR(KBr) cm" 1 : 3375, 3320, 3150, 2975, 2220, 1740, 1680, 1540, 1510, 
1450, 1300, 1225, 1180, 1150, 760, 750 
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Reference Example 13 

Ethyl 2-[ [ (2' -cyanobiphenyl-4-yl)niethyl]amino]-3-(3- 
propylthioureido) benzoate 

In substantially the same manner as Reference Example 12, 
desired pale yellow syrup (2.0 g, 98%) was obtained from ethyl 
3-amino-2- [ [ ( 2 ' -cyanobiphenyl-4-yl) methyl] amino] benzoate (1.6 g) , 
propyl isothiocyanate (1.5 ml) and ethanol (1 ml). 
1 H-NMR( 200MHz, CDC1 3 ) 6 : 0.88(3H,t), 1.40(3H,t), 1 . 48-1 . 67 ( 2H, m) , 
3.42-3.68(2H,br s) , 4.37(2H,q), 4.56(2H,d), 6.13(1H,t), 
6.78(1H,t), 7.21-7.25(1H,m), 7. 36-7. 53 (6H,m) , 7.64(1H,dt), 
7.73-7.77(1H,m), 7.99(1H,dd), 8. 20-8. 40 ( 1 H, br s) 
IR(Neat)cnr l : 3325, 3175, 2960, 2930, 2875, 2220, 1710, 1690, 1590, 

1475, 1360, 1175, 1140, 1090, 1020, 760 
Reference Example 1 4 

Ethyl 1 -[ (2 f -cyanobiphenyl-4-yl) methyl] -2-ethylamino- 
benzimidazole-7-carboxylate 

Methyl iodide (4.5 g) was added to a solution of ethyl 
2- [ [ ( 2 * -cyanobiphenyl-4-yl ) methyl ] amino ] -3- ( ethylthioureido ) benzoate 
(1.8 g) in ethanol (50 ml), and the mixture was heated under reflux 
for 12 hours. To the reaction mixture was added 1N-HC1 (60 ml) and 
the mixture was stirred at room temperature for 30 minutes. The 
reaction mixture was concentrated to dryness and the concentrate was 
dissolved in ethyl acetate. The solution was washed with an aqueous 
solution of sodium hydrogen carbonate and water and dried. The 
solvent was evaporated to dryness and the residue was purified by 
column chromatography on silica gel to afford yellow syrup (0.96 g, 
58%). 

1 H-NMR(200MHz,CDCl 3 ) 6 : 1.23(6H,t), 3. 48-3. 62 ( 2H, m) , 4.09(1H,t), 

4.23(2H,q), 5.57(2H,s), 7.15(lH,t), 7.25(2H,d), 7. 40-7. 77(8H, m) 
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IRfNeatJcnr 1 : 3400, 3225, 2975, 2930, 2210, 1710, 1610, 1570, 1480, 
1425, 1365, 1320, 1270, 1250, 1210, 1130, 1100, 1060, 
770, 750 
Reference Example 15 

Ethyl 1 - [ ( 2 ' -cyanobiphenyl-4-yl ) methyl ] -2-propylamino- 
benzimidazole-7-carboxylate 

In substantially the same manner as Reference Example 14, 
desired yellow syrup (1.2 g, 65%) was obtained from a solution of 
ethyl 2- [ [ ( 2 ' -cyanobiphenyl-4-yl) methyl] amino] -3- ( 3-propylthioureido) - 
benzoate (2.0 g) and methyl iodide (4.8 g) in ethanol (50 ml). 
1 H-NMR(200MHz,CDCl 3 ) 8 : 0.87(3H,t), 1.25(6H,t), 1 . 52-1 . 70 (2H, m) , 

3.42-3.52(2H,m), 4.12(1H,t), 4.25(2H,q), 5.58(2H,s), 7.l6(1H,t), 
7.29(2H,d), 7.41-7.78(8H,m) 
^(Neatjcm- 1 : 3400, 3250, 2975, 2950, 2890, 2225, 1715, 1620, 1590, 

1570, 1480, 1430, 1370, 1285, 1220, 1135, 1070, 760 
Reference Example 1 6 

Methyl 1 -[ (2' -cyanobiphenyl-4-yl) methyl] -2-methoxybenzimidazole- 
7-carboxylate 

A solution of 5.2M sodium methoxide in methanol (0.5 ml) 
was added to a solution of ethyl 1 -[ (2' -cyanobiphenyl-4-yl)methyl]- 
2-methoxybenzimidazole-7-carboxylate (1.3 g) in methanol (50 ml). 
The mixture was heated for 4 hours under reflux. The reaction 
mixture was concentrated, and the precipitated crystals were 
collected by filtration. Recrystallization from methanol afforded 
colorless prisms (1.1 g, 85%), m.p. 149-150°C. 
Elemental Analysis for C24H19N3O3: 

C(%) H(J6) N(« 
Calcd. : 72.53; 4.82; 1 ol 57 
Found : 72.38; 4.93; 10.44 


-34- 


1 H-NMR(200MHz,CDCl 3 ) 6 : 3.75(3H,s), 4.26(3H,s), 5.69(2H,s), 

7.09(2H,d), 7.23(lH,t), 7. 37-7. 46 (3H, m) , 7. 55-7. 65 (2H, m) , 
7.72-7.78(2H,m) 
Working Example! 

Ethyl 2-ethoxy-1 - [ [ 2 1 - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl ] - 
methyl] benzimidazole-7-carboxylate 

A mixture of ethyl 1 -[ (2* -cyanobiphenyl-4-yl) methyl] ~2~ 
ethoxybenzimidazole-7-carboxylate (0.7 g) and trimethyltin azide 
(0.7 g) in toluene (15 ml) was heated under reflux for 4 days. 
The reaction mixture was concentrated to dryness and to the residue 
were added methanol (20 ml) and 1N-HC1 (10 ml). The mixture was 
stirred at room temperature for 30 minutes and adjusted to pH 3 to 4 
with IN NaOH. After removal of the solvent, the residue was 
partitioned between chloroform and water. The organic layer was 
washed with water and dried, and the solvent was evaporated to 
dryness to give a syrup. The syrup was purified by column 
chromatography on silica gel to give crystals. Recrystallization 
from ethyl acetate - benzene afforded colorless crystals 
(0.35 g, 45%), m.p. 158-159°C. 
Elemental Analysis for C 26 H 2 *N60 3 : 

C(%) H(J<) N(*) 
Calcd. : 66.65; 5.16; 17.94 
Found : 66.61 ; 5.05; 17.84 

' H-NMR( 200MHz, CDC1 3 ) 6 : 1.09(3H,t), 1.43(3H,t), 4.02(2H,q), 
4.30(2H,q), 5.57(2H,s), 6.71 (2H,d), 6. 83-6. 96 (4H, m) , 
7.27-7.31 (lH,m), 7.40(lH,dd), 7. 55-7. 66 (2H, m) , 8. 04-8. 09 ( 1 H, m) 

IR(KBr) cm" 1 : 1720, 1605, 1540, 1470, 1430, 1250, 1040, 750 
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Working Example 2 

2-Ethoxy-1 - [ [ 2 1 - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl] methyl] - 
benzimidazole-7-carboxylic acid 

A solution of ethyl 2-ethoxy-l -[ [2 ' - ( 1 H-tetrazol-5-yl) - 
biphenyl-4-yl] methyl] benzimidazole-7-carboxylate (0.24 g) and IN 
NaOH (1.5 ml) in ethanol (4 ml) was stirred at 80°C for one hour. 
The reaction mixture was concentrated, and the concentrate was 
extracted with water and ethyl acetate. The aqueous layer was 
adjusted to pH 3-4 with 1 N-HC1 to give crystals. Recrystallization 
of the crystals from ethyl acetate - methanol afforded colorless 
crystals (0.15 g, 67%), m.p. 183-185°C. 
Elemental Analysis for C 2 4 H 2 oN 6 0 3 . 1 /5H 2 0: 

C(%) H(« N(« 
Calcd. : 64.91 ; 4.63; 18.93 
Found : 65.04; 4.51 ; 18.77 

1 H-NMR( 200MHz, DMSO-d e ) 6 : 1.38(3H,t), 4.58(2H,q), 5.63(2H,s), 

6.97(4H,q), 7.17(lH,t), 7. 47~7. 68 (6H, m) 
IR(KBr) cm- 1 : 1710, 1550, 1480, 1430, 1280, 1240, 1040, 760 
Working Example 3 

Ethyl 2-propoxy-1 - [ [2* - ( 1 H-tetrazol-5-yl) biphenyl-4-yl] - 
methyl] benzimidazole-7-carboxylate 

A mixture of ethyl 1 -[ (2* -cyanobiphenyl-4-yl) methyl] -2- 
propoxybenzimidazole-7-carboxylate (0.69 g) and trimethyltin azide 
(0.7 g) in toluene (15 ml) was heated for 4 days under reflux. 
The reaction mixture was concentrated to dryness and to the mixture 
was added methanol (20 ml) and 1 N-HC1 (10 ml). After stirring at 
room temperature for 30 minutes, the mixture was adjusted to pH 3-4 
with IN NaOH. After removal of the solvent, the residue was 
extracted with chloroform-water. The organic layer was washed with 
water and dried, and the solvent was evaporated to dryness to give 


-36- 


a syrup. The syrup was purified by column chromatography on silica 
gel to give crystals. Recrystallization from ethyl acetate - benzene 
afforded colorless crystals (0.31 g, 43%), m.p. 157-159°C. 
Elemental Analysis for C 27 H 2 6N 6 03: 

C(%) H(%) N(*) 
Calcd. : 67.21 ; 5.43; 17.42 
Found : 67.26; 5.45; 17.28 

1 H-NMR(200MHz,CDCl 3 ) d ' 1.03(3H,t), 1.l3(3H,t), 1 . 75-1 . 92 ( 2H, m) , 
4.05(2H,q), 4.23(2H,q), 5.57(2H,s), 6.75(2H,d), 6.90(2H,d), 
6.96(2H,d), 7.28-7.33(lH,m), 7. 39-7. 44 ( 2H, m) , 7. 57~7. 62 (2H, m) , 
8.07-8. 1 1 (lH,m) 

IR(KBr) cm" 1 : 1720, 1540, 1470, 1430, 1280, 1250, 1130, 1020, 750 
Working Example 4 

2-Propoxy- 1 - [ [ 2 ' - ( 1 H-tetrazol-5-y 1 ) bipheny 1-4-yl ] methyl ] - 
benzimidazole-7-carboxylic acid 

A solution of ethyl 2-propoxy-1 -[ [2 1 -( 1 H-tetrazol-5-yl)- 
biphenyl-4-yl] methyl ]benzimidazole-7-carboxylate (0.23 g) in ethanol 
(4 ml) containing 1 N-NaOH (1.5 ml) was heated at 80°C for 2 hours. 
The reaction mixture was concentrated to dryness and the residue 
was extracted with water and ethyl acetate. The aqueous layer was 
adjusted to pH 3-4 with 1N-HC1 to give crystals. Recrystallization 
from ethyl acetate - methanol afforded colorless crystals (0.15 g, 
69%), m.p. 174-175°C 

Elemental Analysis for C 2 5 H 2 2 N 6 0 3 . 0. 3H 2 0: 

C(%) H($) N(JC) 
Calcd. : 65.29; 4.95; 18.27 
Found : 65.41 ; 4.92; 18.20 

1 H-NMR( 200MHz, DMSO-de) 5 : 0.92(3H,t), 1 . 70-1 . 87(2H, m) , 4.47(2H,q), 

5.63(2H,s), 6.96(4H,dd), 7.16(1H,t), 7. 42-7. 67(6H, m) 
IR(KBr) cm" 1 : 1700, 1550, 1430, 1290, 1240, 765 
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Working Example 5 

Ethyl 2-mercapto-1 - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl] - 
methyl ]benzimidazole-7-carboxylate 

A mixture of ethyl [ 1 -(2* -cyanobiphenyl-4-yl ) methyl] - 
2-mercaptobenzimidazole-7-carboxylate (4.1 g) and trimethyltin azide 
(8.0 g) in toluene (100 ml) was heated for 4 days under reflux. 
The solvent was evaporated to dryness and the residue was stirred 
in a mixture of cone, hydrochloric acid (2 ml) and methanol (20 ml) 
at room temperature for 20 minutes. To the reaction mixture was 
added 1 N-NaOH to adjust to about pH 4 and then the mixture was 
extracted with ethyl acetate. The organic layer was washed with 
water, dried, and concentrated to dryness to give crystals. 
Recrystallization from chloroform gave colorless crystals (5.0 g, 
89%), m.p. 263-264°C (decomp.). 
Elemental Analysis for C 2 4 H 2 oN 6 0 2 S. 1 /2H 2 0 : 

C(%) H(Jf) N(« 
Calcd. : 61 .92; 4.55; 18.05 
Found : 61 .99; 4.30; 17.86 

'H-NMR (200MHz, DMS0-d 6 ) 6 : 1.10(3H,t), 4.09(2H,q), 5.82(2H,br s), 

6.87(2H,d), 7.00(2H,d), 7.26(lH,t), 7. 37-7. 69 (6H, m) 
IR(KBr) cm" 1 : 1720, 1460, 1440, 1365, 1340, 1260, 1180, 1145, 1150, 

1110, 990, 745 
Working Example 6 

Ethyl 2-methylthio-1 - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl] - 
methyl] benzimidazole-7-carboxylate 

To a solution of ethyl 2-mercapto-1 -[ [2' - ( 1 H-tetrazol- 
5-yl)biphenyl-4-yl]benzimidazole-7-carboxylate (0.68 g) in ethanol 
(10 ml) containing 1 N-NaOH (3.0 ml) was added methyl iodide (0.24 g) , 
and the mixture was stirred at room temperature for 2 hours. 
The reaction mixture was neutralized with dilute hydrochloric acid to 
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give crystals. The crystals were purified by column chromatography 
on silica gel. Recrystallization from ethyl acetate afforded 
colorless prisms (0.31 g, 44%), m.p. 207-208°C (decomp.). 
Elemental Analysis for C25H22N6O2S: 

C(%) N(5<) 
Calcd. : 63.81 ;. 4.71 ; 17.86 
Found : 63.55; 4.81 ; 17.50 

1 H-NMR( 200MHz, DMSO-d 6 ) <5 : 1.13(3H,t), 2.77(3H,s), 4.14(2H,q), 

5.62(2H,s), 6.84(2H,d), 7.26(1H,t), 7. 46-7. 70(5H,m) 
IR(KBr) cm" 1 : 1705, 1480, 1450, 1420, 1360, 1340, 1275, 1255, 1190, 

1140, 1100, 1025, 990, 770, 750 
Working Example 7 

Ethyl 2-methylthio-1 - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl- 

4- yl] methyl] benzimidazole-7-carboxylate 

To a solution of ethyl 2-mercapto-1 - [ [2* - ( 1 H-tetrazol- 

5- yl)biphenyl-4-yl] methyl] benzimidazole-7-carboxylate (0. 91 g) 

in ethanol (13 ml) containing 1 N-NaOH (4 ml) was added ethyl iodide 
(0.34 g), and the mixture was stirred at room temperature for 4 
hours. The reaction mixture was adjusted to pH 4 with dilute 
hydrochloric acid to give crystals. The crystals were collected by 
filtration and purified by column chromatography on silica gel. 
Recrystallization from ethyl acetate gave colorless prisms 
(0.55 g, 51%), m.p. 153-154°C (decomp.). 
Elemental Analysis for C 26 H24N 6 0 2 S: 

C(%) H(Jt) N(%) 
Calcd. : 64.44; 4.99; 17.34 
Found : 64.37; 5.05; 17.20 

1 H-NMR(200MHz,CDCl 3 ) 6 : 1.19(3H,t), 1.37(3H,t), 3.20(2H,q), 

4.12(2H,q), 5.67(2H,s), 6.75(2H,d), 6.92(2H,d), 7.05(1H,t), 
7.26-7.34(2H,m), 7.50(1H,dd), 7. 53-7. 63 (2H, m) , 8.05-8.1 1 (1H,m) 
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IR(KBr) cm" 1 : 1715, 1450, 1420, 1365, 1345, 1280, 1195, 1145, 1110, 

1035, 1015, 990, 760, 745 
Working Example 8 

Ethyl 2-propylthio-1 - [ [2 ' - ( 1 H-tetrazol-5-yl ) biphenyl- 
4-yl] methyl] benzimidazole-7-carboxylate 

Propyl . iodide (0.37 g) was added to a solution of ethyl 
2-mercapto-1 - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl ] methyl ] - 
benzimidazole-7-carboxylate (0.91 g) in ethanol (13 ml) containing 
IN NaOH (4.0 ml) and the mixture was stirred at room temperature 
for 5 hours. The reaction mixture was adjusted to about pH 4 with 
dilute hydrochloric acid to give crystals. The crystals were 
collected by filtration and purified by column chromatography on 
silica gel. Recrystallization from ethyl acetate - hexane gave 
colorless prisms (0.4 g, 40%), m.p. 177-178°C (decomp.). 
Elemental Analysis for C 27 H2 6N 6 0 2 S: 

C(%) H(« N(Z) 
Calcd. : 65.04; 5.26; 16.85 
Found : 64.88; 5.25; 16.78 

1 H-NMR( 200MHz, CDC1 3 ) 6 : 1.04(3H,t), 1.19(3H,t), 1.76(2H,m), 

3.18(2H,t), 4.12(2H,q), 5.69(2H,s), 6.75(2H,d), 6.93(2H,d), 
7.05(1H,t), 7.27-7.34(2H,m), 7.50(1H,dd), 7. 54-7. 63(2H,m) , 
8.07-8. 1 2(1H,m) 

IR(KBr) cm" 1 : 1715, 1450, 1420, 1380, 1365, 1350, 1280, 1260, 1190, 

1145, 1035, 1020, 990, 760, 745 
Working Example 9 

2-Methylthio-1 -[ [2' -( 1 H~tetrazol-5-yl)biphenyl-4-yl]- 
methyl] benzimidazole-7-carboxylic acid 

A solution of ethyl 2-methylthio-1 -[ [2 1 -( 1 H-tetrazol-5- 
yl)biphenyl-4-yl] methyl] benzimidazole-7-carboxylate (0.2 g) in a 
methanol (5 ml) solution containing IN NaOH (1.3 ml) was heated under 
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reflux for 2 hours. The reaction mixture was adjusted to about pH 4 
with dilute hydrochloric acid to give crystals. The crystals were 
collected by filtration, and recrystallized from ethyl acetate - 
hexane to give colorless crystals (0.17 g, 81 %) , m.p. 223~225°C 
(decomp. ) . 

Elemental Analysis for C 2 3 H, 8 N 6 0 2 S. 1 /2Cu H 8 0 2 

C(%) N(%) 
Calcd. : 61 .72; 4.56; 17.27 
Found : 61.59; 4.54; 17.54 

1 H-NMR( 200MHz, DMS0-d 6 ) 6 : 2.75(3H,s), 5.76(2H,s), 6.88(2H,d), 

7.01(2H,d), 7.25(1H,t), 7.47-7.66(5H,m) , 7.82(lH,d) 
IR(KBr) cm" 1 : 1710, 1485, 1450, 1420, 1370, 1345, 1320, 1280, 1245, 

1195, 1150, 990, 780, 760 
Working Example 1 0 

2-Ethylthio-l - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl ] - 
methyl ]benzimidazole-7-carboxylic acid 

A solution of ethyl 2-ethylthio-l -[ [2* -( 1 H-tetrazol-5- 
yl)biphenyl-4-yl]methyl]benzimidazole-7-carboxylate (0.35 g) in 
a methanol (7 ml) solution containing 1N NaOH (2.2 ml) was heated 
under reflux for 2 hours. After evaporation of the solvent, 
the aqueous residue was adjusted to about pH 3-4 with 1 N-HC1 to 
give crystals. The crystals were collected by filtration. 
Recrystallization from ethyl acetate - methanol gave colorless 
crystals (0.21 g, 64%), m.p. 209-21 0°C (decomp.). 
Elemental Analysis for C24H20N6O2S: 

C(%) N(« 
Calcd. : 63.14; 4.42; 18.41 
Found : 62.89; 4.35; 18.15 

1 H-NMR (200MHz, DMSO-de) 5 : 1.39(3H,t), 3.36(2H,q), 5.76(2H,s), 
6.87(2H,d), 7.01 (2H,d), 7.25(1H,t), 7. 47~7. 69 (5H, m) , 
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7.82(1H,dd) 

IR(KBr) cm" 1 : 1695, 1450, 1415, 1350, 1275, 1225, 1190, 1180, 1145, 

755, 740 
Working Example 1 1 

2-Propylthio-l - [ [2 ' - ( 1 H-tetrazol-5-yl) biphenyl-4-yl] - 
methyl] benzimidazole-7-carboxylic acid 

A solution of ethyl 2-propylthio-1 - [ [2 1 -( 1 H-tetrazol-5- 
yl )biphenyl-4-yl] methyl ]benzimidazole-7~carboxylate (0.25 g) in 
methanol (5 ml) containing 1 N-NaOH (1.5 ml) was heated under 
reflux for 2 hours. After removal of the solvent, the aqueous 
residue was adjusted to about pH 3-4 with 1 N-HC1 to give crystals. 
The crystals were collected by filtration. Recrystallization from 
ethyl acetate - hexane gave colorless crystals (0.21 g, 91%), 
m.p. 222-223°C (decomp.). 
Elemental Analysis for C25H21N6O2S: 

C(%) E(%) N(Jf) 
Calcd. : 63.95; 4.51 ; 17.90 
Found : 63.78; 4.85; 17.59 

1 H-NMR( 200MHz, DMS0-d 6 ) 6 : 0.99(3H,t), 1 . 67~1 . 85 ( 2H, m) , 3.35(2H,t), 

5.77(2H,s), 6.87(2H,d), 7.01 (2H,d), 7.25(1H,t), 7. 46-7. 70(5H, m) , 
7.82(lH,dd) 

IR(KBr) cm" 1 : 1700, 1450, 1280, 1240, 1195, 1145, 755, 740 
Working Example 1 2 

2-Propoxy-1 - [ [ 2 1 - ( 1 H-tetrazol-5-y 1 ) biphenyl-4-y 1 ] methyl ] - 
benzimidazole 

Sodium hydride (60% dispersion in mineral oil, 0.24 g) was 
added to a stirred solution of 2-propoxybenzimidazole (0.71 g) in DMF 
(10 ml) under ice-cooling. The mixture was stirred for 20 minutes, 
to which was added N-triphenylmethyl-5-[2-(4-bromomethylbiphenyl]- 
tetrazole (2.3 g) , followed by stirring at room temperature for 5 
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hours. To the reaction mixture was added ice-water, the mixture was 
extracted with ethyl acetate. The organic layer was washed with 
water, dried and concentrated to dryness. The concentrate was 
dissolved in methanol (50 ml), to which was added 1N-HC1 (15 ml), 
followed by stirring at 60°C for 2 hours. The reaction mixture was 
concentrated, to which were added water (15 ml) and ethyl acetate 
(15 ml). The mixture was made alkaline with IN NaOH and shaken. 
The aqueous layer was adjusted to pH 3-4 with 1N-HC1 and then 
extracted with chloroform. The organic layer was washed with water, 
dried and concentrated to dryness. The concentrate was purified by 
column chromatography on silica gel to yield crystals. 
Recrystallization from ethyl acetate - methanol gave colorless 
crystals (0.58 g, 35%), m.p. 177-179°C (decomp.). 
Elemental Analysis for C24H22N6O: 

C(%) H(%) N(Jf) 
Calcd. : 70.23; 5.40; 20.47 
Found: 69.93; 5.43; 20.22 

1 H-NMR( 200MHz, DMSO-d 6 ) 6 ' 0.95(3H,t), 1 . 70-1 . 88 (2H, m) , 4.46(2H,t), 
5.23(2H,s), 7.04-7. 10(4H,m), 7.20(2H,d), 1. 38-7. 43 ( 2H, m) , 
7.48-7. 70(4H,m) 

IR(KBr) cm" 1 : 1540, 1535, 1485, 1475, 1450, 1425, 1385, 1285, 1270, 

1040, 980, 755, 745 
Working Example 13 

Methyl 2-ethoxy- 1 - [ [ 2 ' - ( 1 H-tetrazol-5-y 1 ) biphenyl-4- 
yl ] methyl ] benzimidazole-7-carboxylate 

A mixture of methyl 1 -[ (2' -cyanobiphenyl-4-yl) methyl] -2- 
ethoxybenzimidazole-7-carboxylate (1.85 g) and trimethyltin azide 
(2.80 g) in toluene (15 ml) were heated under reflux for one day. 
The reaction mixture was concentrated to dryness. To the residue 
were added methanol (50 ml) and 1N-HC1 (20 ml) and the mixture was 
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stirred at room temperature for 30 minutes. The reaction mixture was 
adjusted to about pH 3-4 with 1 N-NaOH. After removal of the solvent, 
the residual syrup was purified by column chromatography on silica 
gel to give crystals. Recrystallization from ethyl acetate - benzene 
gave colorless crystals (1.16 g, 56%), m.p. 1 91 -1 93°C (decomp.). 
Elemental Analysis for C 2 5 H 2 2N 6 0 3 . 1 /5H 2 0: 

C(%) H(« N(Jf) 
Calcd. : 65.58; 4.75; 18.53 
Found : 65.55; 4.93; 18.35 

1 H-NMR( 200MHz, CDC1 3 ) 6 ' 1 .43(3H,t, J=7.0Hz)) , 3.57(3H,s), 
4.30(2H,q,J=7.0Hz), 5.54(2H,s), 6. 72(2H,d, J=8. 2) , 
6.84-6.97(4H,m), 7. 28-7. 33 ( 1 H, m) , 7. 40 ( 1 H,dd , J=l . 8,7. 0Hz) , 
7.57-7.62(2H,m), 8. 03-8. 07( 1 H,m) 
IR(KBr) cm" 1 : 1720, 1550, 1475, 1430, 1280, 1250, 1040, 755, 735 
Working Example 14 

Ethyl 2-ethylamino-1-[[2'-(1H-tetrazol-5-yl)biphenyl- 
4-yl ] methyl ] benzimidazole-carboxylate 

A mixture of ethyl 1 -[ (2* -cyanobiphenyl-4-yl) methyl] -2- 
ethylaminobenzimidazole-7-carboxylate (1.23 g) and trimethyltin 
azide (2.80 g) in toluene (15 ml) was heated for 40 hours under 
reflux. Precipitates were collected by filtration and suspended 
in methanol (50 ml). To the suspension was added 1 N-HC1 (15 ml), 
and the mixture was stirred at room temperature for 10 minutes. 
The reaction mixture was adjusted to about pH 5 with IN-NaOH, 
followed by extraction with chloroform. The organic layer was 
washed with water, dried and concentrated to dryness. The residue 
was purified by column chromatography on silica gel to give 
crystals. Recrystallization from methanol - ethyl acetate gave 
colorless crystals (0.83 g, 6]%), m.p. 166-168°C. 
1 H-NMR( 200MHz, CDC1 3 ) 5 : 1.13(3H,t), 1.21 (3H,t), 343(2H,q), 
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4.13(2H,q), 5.48(2H,s), 6.78(2H,d), 6.99(2H,d), 7.07(1H,t), 

7.22(1H,dd), 7.42-7.49(2H,m), 7. 54-7. 69 (3H, m) 
IR(KBr) cm" 1 : 1720, 1650, 1310, 1285, 765, 755, 750 
Working Example 1 5 

Ethyl 2-propylamino-1 - [ [ 2 1 - ( 1 H-tetrazol-5-yl ) biphenyl- 
4-yl] methyl] benzimidazole-7-carboxylate 

A solution of ethyl 1 - [ ( 2 ' -cyanobiphenyl-4-yl)methyl] -2- 
propylaminobenzimidazole-7-carboxylate (1.20 g) and trimethyltin 
azide (2.7 g) in toluene (15 ml) was heated for 50 hours under 
reflux. Precipitates were collected by filtration and suspended 
in methanol (20 ml). After addition of 1N-HC1 (15 ml), the reaction 
mixture was stirred at room temperature for 10 minutes. The mixture 
was adjusted to about pH 5 with 1 N-NaOH, followed by extraction with 
chloroform. The organic layer was washed with water, dried and 
concentrated to dryness. The concentrate was purified by column 
chromatography on silica gel to give crystals. Recrystallization 
from methanol - ethyl acetate gave colorless crystals (10 g, 17%), 
m.p. 170-172°C. 

1 H-NMR( 200MHz, CDC1 3 ) 5 : 0.89(3H,t), 1.14(3H,t), 1 . 52-1 . 70 ( 2H, m) , 
3.35(2H,t), 4.14(2H,q), 5.49(2H,s), 6.77(2H,d), 6.99(2H,d), 
7.05(1H,t), 7.21(1H,dd), 7. 39-7. 47 (2H, m) , 7.50-7.65(3H,m) 
IR(KBr) cm" 1 : 1720, 1670, 1660, 1290, 1270, 760 
Working Example 16 

2-Ethoxy-1 - [ [ 2 1 - ( N-tr iphenylmethyltetrazol-5-y 1 ) - 
biphenyl-4-yl] methyl] benzimidazole-7-carboxylic acid 

To a solution of 2-ethoxy-[ [2' - ( 1 H-tetrazol-5-yl)biphenyl- 
4-yl]methyl]benzimidazole-7-carboxylic acid (2.07 g) in methylene 
chloride (10 ml) were added trityl chloride (1.59 g) and 
triethylamine (0.8 ml). The mixture was stirred at room temperature 
for one hour. The reaction mixture was washed with water, dried 
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and concentrated to dryness. The residue was purified by 
column chromatography on silica gel to give crystals. 
Recrystallization of crude crystals thus obtained from ethyl 
acetate - benzene gave colorless crystals (2.12 g, 66%), m.p. 
168-170°C. 

Elemental Analysis for C^Fh^NeCb: 
C(%) 

Calcd. : 75.64; 5.02; 12.31 
Found : 75.37; 4.96; 12.20 

, H-NMR(200MHz,CDCl 3 ) S : 1.40(3H,t), 4.61 (2H,q), 5.58(2H,s), 

6.76(2H,d), 6.91-6. 96(8H,m), 7.l2(1H,t), 7. 1 7-7. 41 ( 1 2H, m) , 
7.60(1H,dd), 7.73-7.82(2H,m) 
Working Example 17 

Pi valoyloxymethy 1 2-ethoxy- 1 - [ [ 2 1 - ( 1 H-tetrazol-5-yl ) " 
biphenyl-4-yl]benzimidazole-7-carboxylate 

To a solution of 2-ethoxy-1 -[ [2* - (N^riphenylmethyl- 
tetrazol-S-y 1 ) biphenyl-4-yl ] methyl ] benzimidazole-7- 

carboxylic acid (2.2 g) in DMF (10 ml) were added potassium carbonate 
(0.53 g) and pivaloyloxymethyl iodide (0.94 g), and the mixture was 
stirred for 30 minutes at room temperature. To the reaction mixture 
was added water and the mixture was extracted with ethyl acetate. 
The organic layer was washed with water and dried. After removal 
of the solvent, the residue was dissolved in methanol (30 ml) and 
1N-HC1 (6 ml). The mixture was stirred for one hour at room 
temperature. The reaction mixture was concentrated to dryness and 
the residue was partitioned between water and ethyl acetate. 
The organic layer was washed with water and dried. After removal 
of the solvent, the residue was purified by column chromatography 
on silica gel to give crystals. The crystals were recrystallized 
from ethyl acetate - hexane to give colorless crystals 
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(1.13 g, 63%), m.p. 104-106°C. 

Elemental Analysis for C 3 0 H 3 oN 6 0 5 . 1 /BCdHsO? . 1 /5C 6 H , 4 : 

C(%) H(%) N(36) 
Calcd. : 65.06; 5.90; 14.32 
Found : 64.79; 5.85; 14.43 

'H-NMR ( 200MHz, CDC1 3 ) d : 1.13(9H,s), 1.44(3H,t), 4.37(2H,q), 
5.6l(2H,s), 5.68(2H,s), 6.80(2H,d), 6.93(2H,d), 
6.99-7.11 (2H,m), 7. 33-7. 37 ( 1 H,m) , 7. 49~7. 54 ( 1 H, m) , 
7.59~7.62(2H,m), 8. 03-8. 07 ( 1 H,m) 
Working Example 1 8 

1 -(Cyclohexyloxycarbonyloxy) ethyl 2~ethoxy-1 - [ [2 ' - 
( 1 H-tetrazol-5-yl ) biphenyl-4-yl] methyl ] benzimidazole-7-carboxylate 

To a solution of 2-ethoxy-1 -[ [2 f - (N-triphenylmethyl- 
tetrazol-5~yl)biphenyl-4-yl] methyl ]benzimidazole-7-carboxylic acid 
(0.5 g) in DMF (5 ml) were added potassium carbonate (0.12 g) and 
cyclohexyl 1 -iodoethyl carbonate (0.26 g) . The mixture was stirred 
for one hour at room temperature. To the reaction mixture was 
added water and the mixture was extracted with ethyl acetate. 
The organic layer was washed with water and dried. After removal 
of the solvent, the residue was dissolved in methanol (10 ml) and 
to the solution was added 1 N-HC1 (2 ml). The mixture was stirred 
for one hour at room temperature. The reaction mixture was 
concentrated to dryness and the residue was partitioned between 
ethyl acetate and water. The organic layer was washed with water 
and dried. After removal of the solvent, the residue was purified 
by column chromatography on silica gel to give colorless powder 
(0.21 g, 47%), m.p. 103-106°C. 
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Elemental Analysis for C 33 N3*N606: 

C(%) N(%) 
Calcd: 64.91; 5.61; 13.76 
Found : 64.94; 5.71 ; 13.66 
Working Example 1 9 

Methyl 2-methoxy- 1 - [ [ 2 1 - ( 1 H-tetrazol-5-y 1 ) biphenyl-4- 
yl] methyl] benzimidazole-7-carboxylate 

Methyl [ 1 -(2* -cyanobiphenyl-4-yl) methyl] -2-methoxy- 
benzimidazole-7-carboxylate (0.60 g) and trimethyltin azide (1.5 g) 
in toluene (15 ml) were heated for 40 hours under reflux. 
Precipitated crystals were dissolved in methanol (10 ml) and to 
the solution was added 1N-HC1 (3 ml). The mixture was stirred for 
10 minutes at room temperature and the methanol was evaporated. 
The aqueous residue was adjusted to pH 3-4 with 1N-NaOH, followed 
by extraction with ethyl acetate. The organic layer was washed with 
water and dried. After removal of the solvent, the residue was 
purified by column chromatography on silica gel to give crystals. 
The crystals were recrystallized from ethyl acetate to give colorless 
prisms (0.65 g, 65%), m.p. 165-166°C. 
Elemental Analysis for C 2 4 H 2 oN 6 0 3 . 1 /I 0H 2 0: 

C(%) N(« 
Calcd. : 65.18; 4.60; 19.00 
Found : 64.91 ; 4.49; 18.99 

, H-NMR(200MHz,CDCl 3 ) S : 3.64(3H,s), 3.93(3H,s), 5.55(2H,s), 

6.75(2H,d), 6.90-7.01 (4H,m), 7.31 -7.36(1 H,m) , 7.49(1H,dd), 
7.55-7.64(2H,m), 8. 03-8.07(1 H,m) 
Working Example 20 

2-Methoxy-1 - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl ] - 
methyl] benzimidazole-7-carboxylic acid 

To a solution of methyl 2-methoxy-1 -[ [2' -(1 H-tetrazol-5-yl) - 
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biphenyl-4-yl] methyl] benzimidazole-7-carboxylate (0.22 g) in methanol 
(10 ml) was added 1N-NaOH (1.5 ml). The mixture was heated for 
6 hours under reflux. The reaction mixture was concentrated to 
dryness and to the residue was added water. The mixture was 
adjusted to pH 3-4 with 1N-HC1 to give crystals. Recrystallization 
from methanol-chloroform gave colorless needles (0.17 g, 11%), 
m.p. 208-209°C. 

Elemental Analysis for C 2 3 Ht 8 N 6 0 3 .0.7H 2 0: 

C(%) H(%) N(Jf) 
Calcd. : 62.92; 4.45; 19.14 
Found : 62.81 ; 4.08; 19.19 

1 H-NMR(200MHz,DMSO-de ) d ' 4.15(3H,s), 5.63(2H,s), 6.90(2H,d), 

7.00(2H,d), 7.18(1H,t), 7. 46-7. 70 (6H, m) 
Working Example 21 

2-Ethylamino-1 - [ [ 2 1 - ( 1 H-tetrazol-5-yl) biphenyl-4-yl] methyl] - 
benzimidazole-7-carboxylic acid 

To a solution of ethyl 2-ethylamino-l -[ [2* -( 1 H-tetrazol-5- 
yl)biphenyl-4-yl]benzimidazole-7-carboxylate (0.52 g) in ethanol 
(5 ml) was added 1N-Na0H (4 ml), and the mixture was stirred for 
2 hours at 80° C. The reaction mixture was concentrated to 
dryness and the aqueous residue was adjusted to pH 4-5 with 1N-HC1 to 
give crystals. The crystals were collected by filtration and 
recrystallized from methanol-chloroform to give colorless 
crystals (0.3 g, 63.4^), m.p. 240-242°C. 
Elemental Analysis for C 2 4 H 2 i N 7 0 2 . 1 . 1 H 2 0: 

C(%) H(« N(JS) 
Calcd. : 62.76; 5.09; 21 .35 
Found : 62.65; 5.15; 21 .23 

1 H-NMR( 200MHz, DMSO-de) 5 : 1.20(3H,t), 3. 43(2H,q) , 5. 62(2H,s) , 

6.85(2H,d), 6.99(2H,d), 7.lO(1H,t), 7.34(1H,d), 7.44-7.68(5H,m) 
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Working Example 22 

2-Propylamino-1 - [ [ 2 ' - ( 1 H-tetrazol-5-yl ) biphenyl-4-yl] - 
methyl] benzimidazole-7-carboxylic acid 

In substantially the same manner as Working Example 21 , the 
above compound was obtained in a yield of 73#, m.p. 244-246°C. 
Elemental Analysis for C 2 5 H 2 3N7O2 . 1 /2H 2 0: 

C(%) H(*) N(*) 
Calcd. : 64.92; 5.23; 21 .20 
Found : 64.79; 5.27; 21 .08 

Experimental Example 1 

Inhibition of binding of angiotensin H to angiotensin 
receptor 

[Method] 

An experiment of inhibition on the binding of angiotensin H 
(AH) to AH receptor was conducted by modifying the method of 
Douglas et al. [Endocrinology, 102, 685-696 (1978)]. An A E 
receptor membrane fraction was prepared from bovine adrenal cortex. 

The compound of the present invention (10 ~ e M or 10~ 7 M) 
and 1 25 I-angiotensin n ( 125 I-AII) ( 1 . 85 kBq/50/zl) were added to 
the receptor membrane fraction, and the mixture was incubated at room 
temperature for one hour. The receptor-bound and free l25 I-AH 
were separated through a filter (Whatman GF/B filter), and the 
radioactivity of 125 I-AH bound to the receptor was measured. 
[Results] 

The results relating to the compounds of the present 
invention are shown in Table 1 . 
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Experimental Example 2 

Inhibitory effect of the compound of the 
present invention on pressor action of A H 

[Method] 

Jcl : SD rats (9 week old, male) were employed. On the 
previous day of the experiment, these animals were applied with 
cannulation into the femoral artery and vein under anesthesia 
with pentobarbital Na. The animals were fasted but allowed to 
access freely to drinking water until the experiment was started. 
Just on the day of conducting the experiment, the artery cannula was 
connected with a blood-pressure transducer, and the average blood 
pressure was recorded by means of polygraph. Before administration 
of the drug, the pressor action due to intravenous administration of 
A If (100 ng/kg) as the control was measured. The drugs were orally 
administered, then, at each point of the measurement, AH was 
administered intravenously, and the pressor action was similarly 
measured. By comparing the pressor action before and after 
administration of the drug, the percent inhibition by the drug on 
AH -induced pressor action was evaluated. 
[Results] 

The results relating to the compounds of the present 
invention are shown in Table 1 . 
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TABLE 1 
Angiotensin I Antagonistic 
Activity Of Benzimidazole 
Derivatives 


Working 
Example 
No. 

R 1 

Y 

R 2 

R ? 


Radioreceptor 
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1x10 ~ 7 M 1x10 " 6 M 
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to A H ( p . o . ) 
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